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SECTION 1. INT RODUCTION

This equipment converts the polar-coordinate output s of a weather
radar and signal proc~.ssor to cartesian-coordinate form, contours the video,
then stores the resulting data in any of four independent image-oriented
memories, each of which refreshe s one raster-scan color television monitor.

The most significant advantage of thi s system over conventional mono-

chrome radar-image-storage devices lies in the ability of the operator to

unambiguously recognize sixteen color-coded levels. Stored images of RHI
or PPI radar scans can be retained indefinitely, updated, or erased inde-

pendently of each other. Front-panel controls determine distance scaling,

origin location, range and altitude marker spacing and range ceU width.
Contour threshold colors - 0 (black) thru 15 (red)--and levels (0 thru 99)
having been set up on an array of thumbwheel switches can be entered into
either or both of the displays in the form of a legend or color key.

Memory requirements have been limited to about 328,000 bit s per
display by pe rforming operations such as coordinate conversion, scaling,
translation, introduction of markers , and video contouring prior to storage
of the image. Each o~ the memories contains a 248 x 255 array with a
four-bit code to :epresent the color and/or intensity of individual points. In
addition, the contour threshold colors and levels as well as parameters such
as antenna angle, marker spacing, and time are presented within a
248 x 70 ancillary data area along the right ed ge of each picture.

The image data in any memory are accessed, combined with appro-
priate synchronization codes , and are serially transmitted to a rem ote
refresh memory upon manual initiation.

The Remote Refresh Memory (RRM) accepts binary serial image data
having a certain specified format and synchronization scheme, as generated
by the Master Scan Converter/Refresh Memory. Upon establishing word
and line synchronism with the incoming signal, the RRM stores the image data
in eithe r or both of iti independent display-refresh memories. Each memory
is continuously sequentially accessed and its output converted to analog video
signals which drive a color display. The stored image remains visible until
it is erased or written over by a new image . The RRM has a comprehens ive
self-test mode which quickly verifies proper operation of virtua ily all of its
circuitry.
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SECTION 2. GENERAL DESCRIPTION

The block diag ram presented in Figure 2- 1 should be referred to while

reading the follow ing description of the scan converter.

2. 1 Scan Conversion Processor

Front panel con’rols related to scan-conve rte r operation are located on

the Scan Conversion Processor and are connected to various cards within it

as shown. The Scan Conversion Processor accepts synchro inputs for

antenna azi muth and elevation ang les as well as video and timing signals from

a radar signal processor . The input information is converted in real time ~
- -

~

f rom its polar form to a rectangular form suitable for entry into the image-

oriented memories. The processor also generates all memory addresses,

timing, and control signals needed by the memory-interface units , plus

alphanumeric data and color patches.

Located within the processor is a SDF (Serial Data Formatter) which

generates memory addresses sequentially upon manual initiation and accepts

the corresponding data from any memory. Interleaved with appropriate

synchronization codes , the resultant serial data output drive s an external
modem. The SDF operates in bit synchronism w ith a clock from the modem;

at a 2400 kHz clock rate , the transmission of one image takes about 2. 67
minutes. The SDF also has capability for two different self-test modes.

The SDF also accom plishes multiplexing of alphanumeric data to and
f r o m  an alphanumeric keyboard display. Whenever a display image is not
being transmitted by the SDF, the modem input is made available to the

keyboard display. The modem data output is dedicated to the keyboard display
thus allowing the remote operator to “conver se” with the data originator
even dur ing dis play image transmission.

. .2  Memory Interlace Units

Each M em ory Interface Unit (MIU) performs parallel to serial and digital
to analog conversions on its memory output to gene rate red , green and blue video
signals for the corresponding display. These units also execute code conversion
and contourin g on the incoming video as a function of color patches and contour
levels stored in the associated memory. Intermediate storage and logic in each
MW enables it to alter data in its memory as commanded by the Scan Conversion
Processor.

2-1
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2. 3 Memories

The image storage media are conventional AMPEX magnetic core

memory systems having 8192 40-bit words for each displa y. They have

split cycle times of 750 nanoseconds and self-contained power supplies

which also power each associated MW. Data sheet s are included in the

Appendix.

2.4 Displays

The displays are 19-inch CONR.AC delta-gun color units of the type

uaed as monitors in television studies. Each unit has red, green and blue

video inputs driven by ita MW. All of the displays are synchronized by

the same H and V drive pulses from the Scan Conversion Processor. Data

sheets for the monitors have been included in the Appendix.

2. 5 Remote Refresh Memory Receiver

On the front panel of this drawer are mounted all controls needed for
normal operation of the RRM . The only circuit card within the receiver drawer
is the DRU (Display Receiver Unit ) which is the heart of the RRM. The DRU
generates all memory addresses, timing, and control signals needed by the

memory interface units. It also detects the synchronization codes within the

incoming data signal and generates a simulated data signal for test purposes.

2-3 
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SECTION 3. OPERATION

3. 1 Disp lay Adjustment

E.ii h monitor should have its VIDEO switch in the 0 dB position for normal

viewing. The MONO position may be helpful, in certain cases, for distinguishing

colors. Th,.. OFF position might be useful as a standby mode in lieu of turning

the powe r off.

The BRIGHTNESS control should be used to set the black background level
(observe the area aroiwd the alphanumerics) to a point near the threshold of
visibility. The CONTRAST control can then be used to obtain the desired inten-
sity. The illuminated number at the top of each monitor is red when information
is being stored in its memory.

3. 2 Contour Threshold Entry

The contour threshold switches are arranged in the same pattern on the

front panel of the Scan Conversion Processor (see Figure 3-1) as on the actual
displays. Any of the 15 color-selectors can be set to any color between 0 (black)
and 15 (red).~ The 14 level-switches should be set up in ascending magnitude
order from bottom to top. An area of the display will take on a color of a given
patch if the corresponding signal processor output is equal to or greater than
the level below the patch and less than the level above the patch. Should these
levels be set to the same number , the color in the patch between them will
neve r appear.

Having set up the contou r threshold switches , the operator need only
depress the STORE THRESHOLI~~button for each display in which this set
of contour thresholds is desired. Tne previous set of thresholds in tha t
memory  is then replaced by the new set without affecting the other display
information which had been entered using the previous set of thresholds. (This
situation , where the thresholds do not match the displayed information , can be

avoided by pushing the appropriate ERASE VIDEO button before entering new
contour thresholds.) All subsequent incoming video will be contoured accord ing
to the new set of thresholds.

Color 15, however, is reserved f o r  range and altitude markers and has the
property of not allowing itself to be written over. Patterns appearing in
this color can only be removed by erasure.

3-1
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Figure 3-1. Scan Conversion Processor Front Panel
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~. .3 Mode and Ran~~ Cell W idth Selection

ih*~se contro ’s nmst he se~ to correspond with the radar scan sequence

a nd the ope r .U j ug ~-ondit ions of the radar signal processor. In 11w R I I I  (Uange

1-leight Indicator) mode, the display will present ground range along the X axis

and height along Y . The antenna azimuth angle is shown after AZ . in the lower

right corner, to the nearest degree.

The PPI (Plan Fosition Indicator) mode y ields a plan-view display, with

the Y-axis r unning North-South and the X-axis running East-West. The antenna

elevation angle appears afte r EL to the nearest 0. 1 degree.

Eithe r RHI or PPI formats can be set up in any display or combination

of displays by depressing the desired STORE VIDEO switches, which are active

when lit. Whe n a STORE VIDEO switch is on , the large number above the

corresponding display is illuminated in red. The CAPPI (constant altitude

PPI) mode, also permits use of either display, with the CAP?! ALTITUDE

switch settings appearing after AL at the lower right of each display. Each

display represents a PPI at the altitude selected.

3. 4 Scaling and Location of the Origin

The ORIGIN LOCATION switches provide a means of locating the point

corresponding to the radar antenna at any position within the display area.

The units employed correspond to display elements at (X , Y) ; (0 .0) is in the

upper right corner , while (249, 247) is in the lower left . The center , normally

used for PPI formats , is (127 , 124).

ALTITUDE (RHI only ) and RANGE SCALIN G switche s can be used to

vary the scaling as listed in Table 3-1.

Table 3-1. Full Scale Range and Altitude vs Scale Switch Positions (RHI Mode)

SWITCH POS: - 1 2 4 8

ALTITUDE: 128 KM 64 KM 32 KM 16 KM

RANGE: 256 KM 128 KM 64 KM 32 KM

3-3 
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3. 5 Marker Spacing Selection

MARKER switches are provided to select ALTITUDE (RH! only) or RANGE

marker spacing. In PPI or CAPPI modes , the selected range marker spacing

is indicated in kilometers after RM at the lower rig ht of the display. When

the RH! mode is employed, the selected markers are indicated in the display

in the following format: M (altitude marker spacing); (range marker spacing )

in kilometers.

3.6 Time Code

The lower right corner of each display contains time information in the

following format: T (day of the year); (hour of the day); (minute). The time

readout of a particular display is updated only while information is being stored

F in the men~ory of that display.

3. 7 Crosshatch

Mode switch position B is provided as a test position in which a cross-

hatch is developed for monitor alignment purposes. The crosshatch appears

in the color corresponding to full-scale video (the top patch), while the back-
ground appears in the color corresponding to zero video (the bottom patch).

3. 8 Multiple Data Source

There are four video inputs to the scan conversion processor. Timing

signals for coordinate conversion are derived from radar and range triggers
associated with the input connected to Jl . When MULTIPLE DATA SOURCE

has been selected, the video signals at inputs 31, 314, 313 and 312 are made

available for storage on displays 1, 2, 3 and 4, respectively. In the absence

of MULTIPLE DATA SOURCE selection, the video input on 31 is made
available for storage on all displays.

3 ,9  Data Transmission

The DATA TRANSM~~SION CONTROL panel is pictured in Figure 3-2.
When the MODE switch is in its OFF position, the othe r two controls are
disabled. With the MODE switch in the TRANSMIT position, depressing the
START button initiates the transmission of data from the display memory
selected by the SOURCE switch. The START button will light immediately
and will remain illuminated until the transmission has been completed. The
transmission time duration, in seconds, is given by 386/f . where £ is the
clock frequency in kHz. The light will not come in if: 1) the MODE sw itch
is at OFF, 2) any STORE V~~ EO switch is ON, or 3) no clock is present
at the Modem Clock Input .

- -
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A switch on the SDF card itself can be used as an aid in diagnosing
troubles in the data link or remote refresh memory. One , two or three errors

can be purposel y introduc ed int o every line sync. code prefix with switches
1 and 2. The entire line sync. code can be complemented by switch 3, and
switch 4 perm it s cont~nuous, repetitive transmission. For normal operation
switches 1 and 2 must be closed and 3 and 4 must be open.

3. 10 Data Transmission Test Modes

Test mode operation is similar to transmit mode operation, except that

the serial output is held to one state and the time duration is doubled. In

TEST A , the image in the source display memory is copied into anothe r

memory as follows: I to 4; 4 to 1; 2 to 3; 3 to 2. In TEST B, a similar

p rocess takes place except that the timing and addres ses ar e sc rambled

between the s ource display and the other display so that a pattern corresponding
to the line sync. cod e prefix and line number code appears instead of the image

from the source display. If , after running Test A , both displays are identical,

then serial data are correct at a point just bef ore the ac tual line drive r in

the SDF. If , after running Test B, the characteristic pattern (com pare with

a photo) is observed, then the sync. code prefix and line number code are
correct at the line driver input . The test modes can be run without the
modem clock by substituting instead the TEST CLOCK selected on the control
panel.

3. 11 R eception of Images

Whe n the operator of the Master SCRM initiates a transmission, the
data de scribing an image are transmitted via modems and data line to the
Remote Refresh Memory di splay unit. The control panel for the remote unit
is shown in Figure 3-3. The “ one state of the RECEIVE switch is indicated
by its illum ination. The inc oming image data is stored in the memory only
if the RECEIVE switch is on. Thus , should an image need to be saved, the
RECEIV E switch should be turned off to preclude the possibility of its being
written-over by new data . An ERASE button is provided to clear the entire
dis play image.

3-6 
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3. 12 Test Mode

When the TEST switch is on, the receiver ignores the normal inputs

and instead accepts data and clock signals from an internal test pattern

generator. This test, if the correct pattern is observed, verifies proper

operation of almost all RRM circuitry--only a multiplexer and the line

receivers are not tested. Unl ike the one-shot transmission of data from the

Master SCRM , the test pattern generator runs continuously. The test pattern

is also useful for converging the monitors and adjusting colors.

3. 13 Inter laced Scan Mode

If , in future applicat ions , there is a requirement to drive a device

requiring a standard 525-line interlaced scan, the INTERLACE switch must

be turned on. Otherwise , the non-interlaced mode which is better for

jit ter-free close viewing can be used.

3. 14 Data Save

While turning the POWER switch off , depress the DATA SAVE button

next to it. This action will prevent spurious data fr om entering the

memories at turn-off and can be used to save images for indefinite periods

of time , since the memories are non-volatile.
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SECTIO N 4. DETAILED CIRCUIT DESCRIPTION

4. 1 Angle Interface Unit

The Angle Interface Unit , located in the upper-rear position of the

coordinate converter drawer , accepts synchro azimuth and elevation data in

standard R 1, R 2 a.nd S1, S2, 53 format and converts these data to the following

outputs:

Scaled ~~D azimuth angle , 10 resolution

Scaled BW elevation angle 0. 10 resolution

Sine/cosine azimuth 13 bite

Sine/cosine elevation 13 bits

Elevation greater than 12. 65° flag

Azimuth and elevat ion synchro inputs are converted to 14-bit binary

numbers (MSB 1800) in Data Device Corporation synchro-to-digital con-

verters model ESDC _6*. These converters are inhibited during sampling by

the S/D inhibit command input.

Binary angle data ale next converted to sine and cosine in an Interface

Engineering sine/cosine controller model 109 and angle-to-sine converter

model 108*. The controller adapt s the angle-to-sine converter to full four

quadrant sine and cosine operation. A logic zero on the controller input

terminal 23 selects sine.

The sine/cosine converter channel is multiplexed once each PR.F interval.

between azimuth and elevation inputs thr ough multiplexers A16 through A18.
This technique was employed to optimize the efficiency of the converters.

An Interface Engineering binary angle to scaled BQ~ converter , model 107,*
provides the drive for the CRT antenna angle display. This conve rter is switched
between azimuth and elevation by multiplexers All  through A14, controlled
by the front panel mode switch. Azimuth is displayed in the RH! mode; while
elevation is disp layed in all other modes.

*See Appendix for Data Sheets.
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Mu ltiplexers A3 , A4 and AS line shift the scaled four lines down when
displaying elevation to provide the increase in resolution from 1 to 0. 1

The magnitude comparators , A20 and A25, generate a logic one wht n

the antenna elevation angle exceeds 12. 650. This output is used by the coor-

di nate conve rter in the CAPPI mode to initiate the 2° eleva t ion step.

4.2  Coordinate Conveiter

The Coordinate Converter derives the cartesian memory address from
the radar param eter s of elevation ang le, azimuth angle , radar trigger and
the range gate clock. The azimuth angle and elevation angle are sampled
once every radar period to form the basis of the coordinate transformation.
The block diagram of the Coordinate Converter unit is shown in Figure 4-1.

4. 2. 1 Angle Parameters

In the ang le interface unit , there are two synchro-to-digital converters;

one dedicated to the azimuth angle, B, and the othe r dedicated to the elevation

angle , 0. The output s of each S/D converter are multiplexed into a sin/coB
converter such that by control of the multiplexer and function switch of the
sin/cos converter, the following functions can be obtained and stored in a D
type register:

sin 0
cos 0

sin B

cos 8

4.2.2  Fixed Constant Multipliers

In the RH! display, the altitude is R sin 0 , and the projection of the range
is R cos 0 where R is the range expressed in kilometers. Card number 1 has
two 12 x 12 fixed constant multipliers which multiply the single function input
by a fixed constant such tha t the output is expressed In kilometers with the
binary point 12 bits from the LSB. For a 2 g.isec unit range cell , the conversion
factor (radar distance) built into the multipliers is . 2998046. All subsequent
calculations following the fixed constant multipliers are done directly in kilo-
meters which is a very useful simplification especially in determining the
range markers.

*See Appendix for Dat a Sheets
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The fixed constant multipliers are each composed of adders arranged in

an array such that the input is multiplied by a constant. Group s of 4-bit

adders are pyramided to form a subset of 4-bit numbers with all the carry-outs

fed into the carry— input s of the next higher order 4-bit array.  The schematic

diagram shows the array in detail and also in block diagram format. The line

shifter following each multiplier array is controlled by the front panel switch

that selects the range gate . The line shifter , in effect , multiplies the output

by 1/4 , 1/2 or I corresponding to the range gate widths of 1/2 j6sec, 1 psec

or 2 Issec. A secondary line shifter operate s on the unit range vector R 0 cos 0

and is used for scaling in the PPI mode.

4. 2. 3 PPI Mode - True 12 x 12 Multipliers

In the PPI mode , the projected range , R0 cos B, is broken up into its

X (East-West) and Y (North-South) coordinates. The azimuth angle ~ is measured

from the North-South line such that

X0 R0 cos O cos 8

and Y R cos O sin 8
0 0

Since R 0 cos 0 had already been established in one of the fixed constant

multipliers , two other multipliers are used to establish X0 and Y 0, the unit

component vectors for the PPI display .

The 12 x 12 true multipliers consists of an array of partial product

terms added in a pyramid structure very similar to the fixed constant multi-

plier. The partial product terms and summation pyramid are detailed in the

schematic drawing of the 12 x 12 multipliers.

Card ~ of the coordinate conve rte r thus develops the unit altitude R0
sin 8, the unit range R0 cos 0 , and the component vectors of the unit range

R0 cos 0 cos B and R 0 co. 0 sin B all evaluated in kilometers.

4.2.4 Address Accumulators - Card 2 and Card 3

The unit coordinates have been derived for the first  rang e cell. Coor —

dinates for other range cells can be easily obtained by taking adva ntage of the
fact that the range cell numbe r increases linearly in a ra dar. Thus , the

4-4

------— - - -- - - -~~~~--- - - — -~~----——---~~~--—---~~----- ~~~~~
—-.-

~~~~~
--— — - ----—---—------— - J



- -
~~~~~~~~L~L1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— - -—-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

coordinates for range cell j + 1 are the coordinates for range cell j added to
the value of the respective coordinates of range cell 1. This accumulator
type structure is shown in the block diagram and is repeated 6 times in the
coordinate converter. The unit vectors are loaded into each accumulator at
the beginning of each radar pe riod and at the same time the old data is cleared
out . The accumulatcr is clocked by the range gate clock of the integrator to
form the cartesian coordinate addresses.

For the RH! mode of operation , the Y address corresponds to the scaled
altitud e and the X address is the scaled range. For the PPI or CAPPI mode of
operation , the Y address corresponds to the North-South component of the
range vector and the X address corresponds to the East-West component of
the range vector. The mode switch controls the multiplexer to select the
appropriate coo rc inates as shown in the block diagram. After the multiplexe r ,
constants controlled by thumbwheel switches can be added independently to
the X and Y coordinates to affect translation in both directions. A hard limiter
circuit is used to prevent overflow and erroneous addresses.

4. 2. 5 Range and Altitude Markers

The output s of both the range and altitude accumulators are in kilometers
(see para. 4.2.2)  i.e., the 13th bit is 1 KM , the 14th is 2 K M , etc. Detection
of the clock cycle at which time the bit corresponding to a preselected range
changes state is used as the marker pulse. The circuitry consists of comparing
the selected bit with the same bit delayed one clock period in an exclusive or
circuit to form the marke r pulse. The marker pulse goes through the
synchronizer to produce the range mark enable (RME) signal.

4 .2 . 6 CAPP I Mode

In the CAPPI mode , the antenna sweeps 360°, or a se gment the reof , at a

single elevation ang le and upon reaching its starting or terminal position (for

less than 3600 sweep) the elevation ang le is incremented and the process is

repeated. A typical CAPPI will use the following elevation angle s, 0, 1, 2 , 3,
0 .

4, 5, 6, 7, 8. 9, 10, 11 , 12, 14. 16, 18 and 20 . This volume scan permits
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the operator to crudely establish a map of a prescribed altitude or many alti-

tudes, since , in gene ral , each rada r beam will pass through all possible alti-

tudes. By carefully s~ lecti ng and storing the incoming data , it is possible to

devel op a constant  altitude P1~E map at any given altitude. Because the elevation

ang le of the antenna is incremented in small steps , a map at precisely the

desired elevatio n would provid e very few sample points; it is the established

procedure to sample the elevation at or near the desired elevation.

Figure 4-2 shows a constant altitude intersecting three different angle

vectors or rays. The solid lines represent the CAP!’! elevation ang les and

the dotted lines represent elevation angles between the CAPPI rays. For eleva-

tion angle Oj . information is recorded when the altitude reached by the alti-

tude vector associated with the ray at 0 j + 1/2 is equal to the preselected alti-

tude, similar ly the data recording is stopped when the altitude reached by the

altitude vector associated with the ray a tO j - 1/2 equals the presele cted alti-

tude . From the diagram, it can be seen that there are no gaps in obtaining

all the altitude information for a preselected altitude as the beam increments

discretely in elevation angle.

In the coordinate converter , the altitude is developed in the altitude

accumulator from the unit altitude vector R0 sin 0. A unit high altitude vector

R sin ( 0  + 1/2)  and a unit low altitude vector sin (0 - 1/2) are also developed

and introduced into their respective accumulators to form the high and low

altitude addresses res pectively, AH and AL.

For small angles , the approximation s

sin (0 + f )~ sin o + sin 1’

arid
sin (0- f) ~ sin 0 - sin 1

werc used.

The selection criteria for a preselected altitude A3 is the following:

AL � A
3 

� AH ; store data in ~th memory

For each altitude , two comparators are used and are shown in the diagram

of ca rd 2.
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4.2.7 Coordinate Converter/Integrator Interface

The Coordinate Converter is slaved to the integrator by using the radar

trigge r and range gate clock from the integrator. Synchronization between the

Coordinate Converte r and the integrator is the major reason for slaving

the coordinate converter to the integrator . However , synchronization is not

sufficient in order to forma t data rates greater than 0. 6 MHz , the fastest data

rate the memorie s can accept . For instance , it would be impossible to acce pt

l~~sec range gates directly from the int !grator , but it is possible to receive

alternate I jzs ec range gate s from the integrator during one radar period and

the previously non-selected 1 j.~sec range gates during the second radar period.

This is possible because the integrator has holding loops already built into its

output circuitry and , simply by selecting the starting range gate in a

sequenc e, it is po~’sib1e to store all of them.

A simple block diagram and timing waveform is shown in Figures 4-3 -

and 4-4. The radar trigger passes through a modulo 2 and rnod ulo 4 counter. The

output of the counter controls a multiplexe r , the inputs of which are gate pulses

that start on eithe r the first , second , third or fourth pulses. These gate pulses

are used to gate the range gate clock that ultimately drives the accumulators.

The coordinate addresses are strobed by means of a 2 ~isec clock into the

synchronizer. The 2 ~sec clock is also derived from the gated range gate

clock and a modulo n counter where n depend s on the range gate width.

4. 2. 8 Synchronizer

The Coordinate Converte r and the memory unit run on independent clock-

ing signals and the synchr onizer is the means for inte rfacing these two asynch-

ronous systems. The memory can accept data at a rate not to exceed 0.6 MHz ,

and the synchronizer will work at any input data rate provided the maxim4m 0.6

MHz rate is not exceeded.

The synchronizer input data consist of 8 bits each of X, Y and video

information, RME , and 4-bits of memory select inf ormation(the store commands).

Since these 29 bits come in parallel , operation of the synchronizer can be

understood by considering a sing le bit. Figure 4-5 is a simplified block

- - - - 
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diagram of thc synchronize r and the timing waveforms showing the ope ra t ion

of the system. Incoming data arc stored in one of two D-typc registers such

that each DATA BIT is stored for  2 clocking cycles. The purpose of the

synchronizer is to insure that the da ta are “good ” , i.e., there is no chance of

a data ge or change during the time that the memory clock strobes out the

data. It can be show n that at least one of the data inputs to the multiplexe r
will not change during the strobe time (pos. edge) of the memory clock. By

st robing ( C0 ) into a D-EDGE register using the negative edge of the memory

clock will provide an output signal that can control the multiplexer to select
the signal that is guaranteed to be “good” by the time that the positive edge
of the memory clock come s along . Notice that there can be an ambiguity in

itself , i. e. , assume ( C0 )  15 changing at the t ime the negative edge of the

memory clock arrives. This ambiguity, however , does not produce an ambi—
guity at the time the positive edge of the memory clock arrives, for regardless

of which register was selected by the multiplexer , the data in either register
cannot change for 2 ~sec (the C0 clock per iod) and the data will be strobed
out in . 8 ~jsec, hence, the data will be good.

If on the other hand , we look at the situation in which the data are changing
in one of the storage registers at the time of a positive going edge of the memory
clock , we fi nd that the multiplexe r always selects the other register. Data can
be clocked out twice as shown in the example (data #2 and #6) , but will cause
no problems in the system since it implie s that the same data will be reentered
at the same memory location , causing no change. The synchronizer is on
Ca rd 3.

4. 2 .9  Ang le Interface Timing

On card 1 is the ang le interface timing which operate s the control lines
of the multiplexer and the control line of the sin/cos converter as well as pro-
viding an inhibit line for the S/D converters. At the start of each radar period ,
a gated delay line oscillator is turned on and drives a counter. The counter
is decoded to derive the approximate control line code to obtain the desired
f unction of eithe r sin 8 , cos 8 , sin 0 or cos -~~. When this function is available ,
it is strobed into the appropriate D-register shown in the block diagram. *
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This is done only once every radar period. The input to the coordinate accu-
mulators are those unit vectors that have been determined on the previous
radar period.

4. 2. 10 Earth Curvatu i e Correction

A correction term is added to the altitude address to correct for earth
curvature. This correction term is a positive function that depends on the
flat ea rth range. A ROM is used to obtain the correction factor from the range.
A derivation of the correction term is shown in Figure 4-6.

4. 3 Display Control Unit

4. 3. 1 Timing and Control Logic

Figure 4-7 presents the DCU block diagr am, where it can be seen that
all timing waveforms are obtained by frequency division of the 11. 95804 1 MHz
crystal controlled clock. Discussion of the output s of the clock gene rator ,
except for R , is postponed until the section on the MIU where these signals are
used.

The square-wave R, with a pe riod of 1.6725 microseconds, is illustrated
along the X axis of Figure 4-8, which shows the display format along with
waveforms. Along the X-axis , the display is organized into ten-point blocks
designated DXBO throug h DXB3 1; each period of R correspond s to one block.
Since each point requires four-bits for color/intensity coding, 40 bits are
needed to specif y each block. A memory with 40-bit words has been chosen
so that one word in the memory represents each block , 32 words at consecutive
addresses describe a line , and 8192 words contain the entire image.

In order to refresh the display, each memory is sequentially read while
the CRT beam scans out a raster; this read cycle is always done while R is
high, when the memory address multiplexer (see Figure 4-7) routes DXB and
DY from the synchronous scan counters to the 13-bit memory address bus s —

which drive s all MIU ’s in parallel. During the remaining half cycle of R , if
a store command is received from the SDF, data are written into the memory
at an address (IXB, IYB). IYB is simply the input Y address fr om the SDF,
IY , clocked into a register by PSL. In the code conversion ROM, IX is con-
verted into a cod e consisting of IXB (block select) and XP (point select). As is
described in the MW section, XP deter mine . which one of the ten points within
the block is to be changed.
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Figure 4-6. Earth Curvature Correction Term
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The logic ar ray gener ates waveforms, shown in Figure 4-8 , which are

functions of the scan counte r output s, DXB or DY. Waveforms which need to

be functions of both DXB and DY are derived from them; for example:

PA PA(X) . PA(Y). The logic array is implemented with two 32 x 8 PROM
(Programmable Read Only Memories) and a collection of decoders and gates.

A t ruth table for these PROM . C16 and D20 , is tabulated in the appendix,
while the addressing and output waveforms are illustrated in Figure 4-8.

Interlaced scanning, possibly useful to fill interline gaps for photographic
pur poses , can be enabled by removing the jumper-carrier which ground s C27-9.
The waveforms which result are shown in Figure 4-8. Timing of the H-drive
pulse is adjustable over a range of ±~ microseconds by means of the potentio-
meter in F28. This adjustment can be used to center the image in the raster

of the display.

The memory function control logic generates SIC, SOC and RMW signals
(to be discussed in the MIU section) which initiate various types of cycles in
the memory. The AD GATE enables entry of ancillary data (cont our thresholds ,
color patche s and parameters) into the MIU. The memory function control logic
also contains a four-state counte r which advances once per fie ld. The output s
of this counter , AS, select one of the CAPPI ALTITUDES from the front
panel switches for entry into the parameter area of the corresponding display .

The erase logic gene rate s properly timed ZID signals which cause all
zeroe s (black) to be written into the memory , except for the contour threshold
area. The decima l point required in the elevation angle is located in point two,
whereas all other ancillary data falls into point s five through nine ; hence , it

requires a separate signal developed by the DPE generator.

4. 3. 2 Ancillary Data Formatter

In order to minimize wiring complexity of the array of contour threshold
switches , encoding diodes are mounted on the switches them selve s as indicated
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. 4 -7.  One switch at a time is selected by CPI throug h CPIS (CPA
decoded , sec Figure 4 - 8)  as the display raster is scanned. The color switch
out puts are applied to the AD BUSS (a 20-bit buss throug h which ancillary data

c-an enter  points five through nine of any block in memory) when the CRT scan

is located in the color patch areas. Similarly stored above each numbe r in the
legend area is a patch containing a BCD code for that number. The contour

generator to be described in the MW section make s use of these codes which
are not visible on the display because a MASK waveform is applied to the MIU.
The numbers themselves are generated in a row-select five-by-seven alpha-
numeric character generator ROM which outputs five bits in paralle l to a
cha racter color encoder. This encode r gene rates a jump er-programmable
fou r-bit code , now set -ip as green (0111) or black (0000) for each of the five

points.

The ancilla ry data (an gle , altitude , ma rker spacing and time are entered
into the cha racte r generator at the prope r time by an array of multiplexers.
The mode lines , from the front panel mode switch via the angle interface unit ,
drive a mod e decode r which controls the multiplexers and applies the proper
alphanumeric identifiers; AZ , EL , AL, M , RM , or T which are hard wired.

Signals appearing on the AD BUSS or on DPE are not displayed directly,
‘yen thoug h they are synchronous with the raster scan format. Rather , the data
are  stort ’d in the m e m ory when appropriate store commands are issued. Only
the memory contents themselves are displayed.

4 . 4 V id e o  Distr ibution Unit

I hi. VDU card consists simply of an array of line drivers which serves

Lu d is t r ibute  the eight—bit video signal from the coordinate converter to all of
the MIU in parallel. The memory control lines SIC, SOC. RMW , RME, and
?~ID for each MIU are als o routed through the VDU , while the memory clock ,

passes throug h on its way to the coordinate converter (see Figure 2-1).

The video inputs for MULTIPLE DATA SOURCE (inputs on J lZ , J13 and

J 14) ome directl y to the VDU where , when MULTIPLE DATA SOU RCE has
been seli~ctcd , they are synchronized with the appropriate memory timing
signals ~ind coordinate converter generated memory addresses for distribution
to the ~ts signed display refre sh memory. When MULTIPLE DATA SOURCE
has not been selected , the video input on J i is routed to all dis play refresh

memories.
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4. S \len ory Inte rface Units

- - i h e  blo c k di agram in I.’~gure 2- 1 contains two Memory Interface f ln it s

( NI R T )  which are identical rack- mounted drawers .  Address , clock, and gate

busses are supplied to the MW in a daisy-chain configuration whe re each

‘ i i i ! t .Ip s  o(I of a t w u i t e d — p a  t r cable which is res is t ive ly  t e rmina t e d  onl y at

t h e  1a-~t MIt ’  (No. .~
). A block diagram of one MIU is presented in Figure 4~ 9;

th e detailed descr ptions of various components within it are c ontained in para-

g rap hs followin g a discussion of memory cycles.

4. 5. 1 Memory Cycles

The timing d iagram in Figure 4- 10 shows all significant waveforms for

examp les of the four types of memory cycles. Each cycle occupies one -half

pe riod of the square wave R (shown in both timing diagrams , Figure 4-8 and

4-10),  and is initiated by manual or automatic commands listed in Table 4-1.

rhe state of R determLle s whether the raster-scan address DXB , DY or the

code-converted input address IXB , IYB appears on the memory address buss.

As listed in the table , each of the four types of cycle s happens in response

to command s when the raster scan address DXB , DY is in certain areas of

the display.

Table 4- 1. Memory Cycles

Comrr.ands Type of Memory Cycle
i-’ara- Memory When DXB , DY is in each

Video Legend meter Address Area of Display(see Fig. 4-8):
R Store Store Erase Store Bus s DA LA PA Retrace

1 X 0 X X DXB , DY RR RR RR 0

1 X I X X “ RR RW RR
X X 0 X “ RR RR RR
X X 1 X “ RW RR RW
X X X 0 “ RR RR RR 0

1 X X X 1 “ RR RR RW
O 0 X X X IXB,1YB RR RR RR &R

O 1 X X X IXB , LYB RMW RMW RMW RMW

4-1 9
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Table 4-1 (Cont)

Listing of Type s of Memory Cycles

R Cycle Description
RR READ-RESTORE. Data from memory address DXB .DY

is transferred to the parallel/serial converter. Unchanged

data is restored at the same address. This cycle is used
for providing video information to refresh the raster-scan

display.

0 IDLE . Do nothing. 
/o r O

1 RW READ-WRITE. Data from memory address DXB , DY are
transferred to the parallel/serial converter. New data,

all zeroes for an erase operation or information from the
AD (ancillary data ) bus s for legend or parameter storage ,
are written into the same address.

O RMW READ-MODIFY-WRITE. Data from memory address
iXB, LYB is transferred to the modify/restore register
and logic, then is partially changed and written back into
the same address. This cycle is us ed to ente r data into
DA.

4. 5. 2 Parallel-To-Serial Converter

Parallel data from the memory are loaded into this converter at a positive

ed ge ot SC LK during PSL - see the timing diagram in Figure 4-10. The con-

~ e rt e r  is w i red  as a four-bit-wide , ten-bit shift register having a four-bit

~sut put CV which  changes at positive transitions of SCLK . The timing diagr am

describe s which point from which memory output appears at each time interval.
The D MASK output (see Figure 4-9) is simply MASK , a signal which blacks
out the undesired areas of the display, delayed by three SCLK periods so tha t
it changes only at boundaries between points zero and nine. 
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4 . 5 .  ~ Colo r Encoder

The color encoder (see block diagram in Fi gu re 4-11) accept s the four-
bi t output of the paral le l- to-ser ial  converte r , and if DMASK is false , outputs
t hree analog voltages to drive the red , green and blue video inputs on the color
monitor.  The three identical D/A converters only have three bits each , but

• neve r theless it is possible to generate 512 different color/intensity outputs.
Voltages at each output take on ei ght different levels ranging from zero (black)
to one volt (full inten sity);  the output loading must be 75 ohms through video
coaxial cable .

The color encoder is prog rammable ; that is , for each of the sixteen

possible states of the input CV , an arbitrary set of analog output voltages cai-i

be pro grammed by means of switches. The switches are arranged in columns

by colors , as shown in Figure 4- 11, where an example of one possible program

is shown. Within each column are three sub-columns which correspond to the

bit wei ght 1, 2 or 4; finally, each switch in each sub-column is numbered from

o to 15 to denote CPA (Color Patch Address-see Figure 4-8) . In the example ,

the relative video values listed are obtained by simply adding the bit weights

for each color at each CPA.

4. 5.4 Modify/Restor e Log ic, Register and Mult iplexers

The RMW memory cycle is fundamental in that it provides the means by
which new data are entered into the display area. During the time when R is

False and IXB , IY B is on the memory address buss , if a store video command

occurs , the following sequence of events take s place (refer to Figure 4-9).

The 40-bi t  memory output DO is loaded into the modif y/restore register at the

posit ive edge of RMW. In the modif y/restore logic , one point (four-bits) as

selected by the XP buss , is changed to whatever CIC (Color-I rttensityCode )
happens to be. The other nine point s are unchanged.

If DELAYED RME is true , the selected point is written back as 1111, the
code reserved for range markers. If a point is found to contain code 1111 by the
COLOR 15 DECODERS , it is written back as 1111. Since these events happen
when R is False, the AD and DP multiplexers are switched so that all 40 bits
from the modif y/restore logic go right back into the memory where they are
written , still at the same address , when SIC comes along.
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As is ev i d e n t  fr o m  Fable  4 -1 , the in te rva l s  whe n R is False have been

s r  - - ‘ l ~or  l~~~ W y le ~~. rio matte r where  the ras te r  scan counters ha ppen

‘ I I  Le1 . t i l l s . h e W  i n p u t  da ta  p o if l t  t a n  be accepted once every period of

k ( I . i~7Z5 ~j sec) .  Dur ing  th i.- same period , ten ad jacent  points are output to

the color encoder .  This ten- to-one di f ference  in data rates results  from the

memory  organization employed and the fact that the input addresses are in

random order , while the output addresses are in sequential order.

W h e n  a n c il la r y  data or  zeroes  f o r  e r a se  are  being w r i t t en  into the  memory

t i i  l (W c yc l e s . p o in t s  two ari d f i v e  t h roug h nine can be changed s imultaneously

by means of t h e  Dl-’ .tud A l )  mu l t i plexers .  Anci l la ry  data en te r s  throug h the

.~t ) - b t t  AD mul t i p lexe r w hen  A [) GATE is t rue , while  DPE causes a 4-bi t  j umpe r -

prog rammable code for the color of the decimal point to be applied to point

two. ZID zeroes all 40 bits dur ing erase.

4. ~~~. ~ Contou r Gene rato r

[he lower half of F igure  4-9 is the contour gene rator which  accept s one

S-bi t  video word and R M E  eve ry period of R and presents a correspondin g f o u r -
bit CIC (Color/Intensi ty Code) and delayed R M E  as its output. Contour thresholds ,

both colors and levels , are read from the memory when the raster scan is in the

appropriate patch (see Figure 4-8) and are  stored in register files --  small,

fas t  memories capable of simultaneous reading and writ ing at dif ferent  addresses.

Data f rom the register  files is used in a successive approximation algorithm to

determine which d C  to ass ign to a given video input.

‘I he incoming dig ital video is both scaled and converted to  BCD in a ROM

I V s . I( l t~ “!~~ 
of t W O  .~56 x 4 P ROM , D9 and Di D for which t ru th  tables are included

i r  t h I -  app end ix .  The ROM outpu t is clocked by PSL into the V reg is te r  where
i t  r e m a L t i s  ava i l ab le  to d r i v e  the  comparator dur ing  the remainde r of the  period

- l ’hc e x.in-i ple at the  bot tom of Fi gure 4 — 1 0  show s a d i g i t a l  video in put
\ V t I l  ~ h has .~ V.i I tie su.. li t h a t  i t  should be as signed the color  w h ic h has been
c u t  ~ u-~-~ l i n t o  ( : 1  ‘A I . I h e  soc cc s s ive app NIX  u na t  ion re g  i si ~‘ r st a t e  R A ~i 1 ways

beg iii s 0— ;  1O~ ‘/ t f l  whe r O U l ) I I I  i I lit C 1 , 1 1 1  (‘III (II  ii ~~~ I ~.i 
_ t ii~I III l’ s. I ~I i• r i i l~- . -~I

ICU.O1 aclclr i .~ss l~A 7 are  ~ n ip a  red w i t  II V .  - l  lie deL i s  4 4 4 ) 4  t I I a ( 1 1  I n  t h t-  ( 4 I 1 1 1) a  r . i t o r
d e t e r m i n es that  the next s t a t e  for  RA should be 11 (t he othe r a l t e r n a t i v e  i s  t h r ee ) ,
and the process cont i nue s to repeat in this  manner  unti l  four  decis ions , corres-

ponding to  1 6 bits , have bee n made. The f inal  answe r of RA = 13 then addresses
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t h .’ C.~! s r  Patch Reg is te r  F i le  which provide s a f o u r- b i t  code to  be loaded int o

the C IC register  by CCK . The second contour generator cycle at the lowe r
right  of Figure 4-10 shows all possible state s of RA for each step.

- The time interval after  CCK is reserved for writing data into the three
registe r file s, as commanded by the three write strobe signals 1 ST , 10 ST
and CPST. The write address applied to the registe r file s is CPA , and the

appropriate wri te  strobe signa’ is gated-on when the raster scan is in the

proper patch. Although each patch contains a five-by-four  array of identically
coded points , only one is needed to be written into the reg iste r files. Point
eight has been arbitrarily chosen and is thus loaded into the D register

(Fi gure 4- 9) at PSL so tha t it can be entered into the prope r register file when
the corresponding write strobe signal occurs. Four write strobe s appear
dur ing  each field for every write address of the reg ister files.

4. 5. 6 Write Data and Read Data Buases

The WD and RD four-bit busses, daisy-chained through the MIU as are
the other busses (see Figure 2-1), permit direct access to any image point in
the memory.

When the MWE control line is active , the multiplexer at the bottom of
Fi gure 4- 9 connects the WD buss directly to the CIC input s of the Modii ,/ Restore
Logic. The Range Marker Enable signal is simultaneously rendered inoperative.

When the MDE control line is active , the tn -state drive r at the top of
Figure 4- 9 d rives the RD buss with a four-bit code corresponding to one of
the ten point s currently available at the memory output. The DDE multi-
plexci- selects this point as a function of the state of the XP Buss. The RD
buss (lifters from all others in that signal s flow away from the MIU ; more
than one MI)E c , n t r i s l  l i l I c  s . u r i t i o t .  tie .i~~ 1 1vi $ i Iu l I I l t ~ lnt ’oII~~Iy  Ie~~I I I I . ’  h O R S

dr iv er s  p e r i sh.
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4 , 6 Serial Data Form atter

A multiplexer , illustrated ir~ the uppe r left corner of Figure  -1-12,, selects

the X and Y scan conve r te r  out put s for application to the DCU address input s

IX , IY whe n either or both store c ommands are active (MBA -~ LOGIC ZERO).

In this case the ninth (most significant) X bit is forced to zero and store

commands are disabled for X = 255 since radar data must not appear in the

ancillary data area which begins at X = 255 (see Figure 4-8 ). When ail store

command s are inactive , MBA is true and the DCU address inputs are drive n

by the transmit add ress counters TX and Ti.

The serial data format appears in Figure 4-13 along with certain SDF

waveforms included to show the operation of the counters in Figure 4-12 . The

counters are synchronous with the modem clock MCK. Interface with the

memory,  having faste r clocks SCLK and PSL, is affected by separate read

and write synchronizers.

The bit counter operates d ifferently between the tranam;~ and test modes,

but its lea st significant two bit s ‘ID always define the bit itumber (0-3) of the

point specified by the transmit point and line counters TX , Ti.

In the transmit mode--see Figure 4- 14--the counter has mod ulo four

and the write synchronize r is disabled. Conside r the time when ‘IX has just

changed from X 1-1 to X 1 An Figure 4- 14. The expanded-time-scale waveforms

show how the read synchronizer subsequently generates an MDC pulse

at the earliest possible time ~c~ h~istent with the memory timing. call that

MDE is the cont r ol line which activate s a tn -state RD-buss driver in an Mlii.

MDC is simply applied to the MDE line for whichever MW has been selected as

the source by the source switch which drives the Test/Select logic. (see

Figure 4- 12 ). While MDC is active , the four-bit color/intensity code

obtained f rom the memory address defined by X 1, Y (the present state s of

counters DC, Ti)  is on the RD buss. At the trailing edge of MDC, this word

is clocked into a register and become s SRD , the read synchronizer data output .
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SRD is ser ial ized by a mul t iplexer , enabled only during the dat a gate DG

(Figure  4 - 13) ,  with its select input s driven by TD. The resulting serial

data is or ’d w ith seria l sync . code and line number signals , each gated on - 
-

d u r i n g  its appropriate  tim e, and the entire seria l data stream is re-clocked

by MCK to become MD which drives the Modem through a line driver which

level-converts  to the Standard RS 232 interface signal level.

The preceding paragraph also applies when eithe r test mode is selected,

except that the Mod ern Data Output is disabled and the bit counter has n-iodulo

eight.  The WIG signa l shown in Figure 4- 15 initiates a write operation in

which a four-bi t  word , having been obtained from the source memory and

ser ia l ized  as described above , is shifted into a parallel output register which

dr ives  the WD buss. This four-bi t  word is subsequently writ ten into a not-

source memory  at the same address , since TX and TY haven’t changed yet.

The expanded-t ime-scale waveforms of Figure 4- 15 show how MWG is

developed from the WI pulse by the writ e synchronizer.  The test/select logic

( F i g u re  4 -12)  d i rec ts  MWG to the MWE inputs of a not-source MIU and of the

DCU;  the normal store command input s of the DCU are not used in this mod e.

Test Mode A causes the source memory to be copied int o a not-source

memory ,  while test mode B results in waveforms from the time when DG is

False (Figure 4-13) being wri t ten int o the not-source memory. Test Mode B

thus requires that the WI pulse be active only when DG is false and that the

X address  be scrambled (TX8 complemented) when WIG is true.

The SDF counters operate only while CE is t rue , in which case the

b luc indica tor  of the START switch on the Data Transmission Control Panel

is i l luminated.  When this momentary-contact switch is closed , CE is set

to its t r u e  state , provided MCK exists. When TY has reached 253 and that

line is com plete , CE is reset , the counters are re-i nitialized , and the SDF

is read y for another transmission cycle . If switch four of B30 on the SDF 
I

card itself is closed , the SDF c ounters run continuously. The counters are

unconditionally held initialized whenever any STORE VIDEO switch is on
(MBA = False) or the MODE switch is in its OFF position.
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The com binatorial logic a r r ay  nea r the center of Figure 4-12, driven

by TD and TX , generates the serial  sync . code prefix and sync. code , line

numbe r , and data gates. This array inc ludes a programmable 32 x S ROM

having the data pattern included in the A ppendix; the same ROM is also

used in the Remote Ref resh  Memory. Switches 1 , 2 and 3 of B30 on the

SDF card formation as to the effect of these switches can be found on the

SDF schematic.

The serial  line numbe r code is obtained by scanning the equivalent

eig h t - b i t  para l le l  code , TY , with a one -of-eight multiplexer having select

lLnes  connected to the th ree  least significant bits of TX. This multiplexe r

is enabled onl y during the Line Number Gate LNG.

4 .7  Di sp lay Receive r U nit

4. 7. 1 T iming  and C ontrol Logic

Fi gure  4-16 presents  the DRU block diagram , where it can be seen

that  all  t iming waveforms are obtained by frequency division of the —

1l .9~~S041 MHz crys ta l -controlled  clock in the timing and control circui try

below the dashed line. Discussion of the outputs of the clock generator ,

except for R , is postponed until the section on the MIU where these signals

are used.

The square-wave R , with a period of 1.6725 microseconds , is illus-

t ra ted  along the X-axi s of Figure 4 -2 , which show s the display format along

wi t h w a v e f o r m s .  Along the X-axis , the display is organized int o ten-point

blocks designated DXBO throug h DXB3I ;  each period of R correspond s to one

b l o c k ,  Since each point requires  four-bi ts  for color/ intensity coding, 40

bits .ir e needed to specif y each block. A memory  with 40-bit words at con-

secut ive  add r esses  describe a line , and 8192 words contain the entire image.

In orth r to r e f r e sh  the display, the memory is sequentially read while

the C RT beam scar ~s out a raster;  this read cycle is always done while R. is
high , when the memory address  multiplexe r (see Figure 4- 16) r outes DXB
and DY from the synchronous scan counters to the 13-bit memory address

buss. During the remaining half cycle of R , if a store command is received,
data are writ ten int o the memory at an address (RXB , RYB), where RXB is
a 5-bit block select code developed directly in a c ounter, thereby eliminating

the cod e conversion ROM needed in the DCU of the Master SCRM . As is
described in the MIU section, RXP determines wh ich one of the ten points

within the block is to be changed.
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4~ 7,, ~ Test Pattern Generator

The tes t  pa t te rn  g e ner a t o r  obtains its 74 .75  kHz clock by dividing

Dxli  of t h e X 13 s can  co u nt er  by fou r .  The TD , TX and TY counters sim ulate
the c o r r e s p o n d i n g  coun ter s  in the Maste r SCRM. They drive a com binatorial

log ic a r r a y  which  develops the test  pattern , including sync . code and line

nu m ber .  This logic a r r a y  uses a 32 x 8 PROM having the same pattern

(see  A ppendix)  as that  used in the Master SCRM and in the serial correlator

( to  be desc r ibed)  of the DRU .

4 . 7. 1 Rt-& - iver Counters  and Reg i s te r s  -

t h e  i~.~rial co r r ela to r  will be described in another section. But for

th e  purposes  of this section, its outputs are diagrammed in Figure 4-17 which

w i l l  he l p to  explain operation of the remaining portions of Figure 4-16. It

mi ght also be hel pful  to refe r to Fi gure 4- 13 of the Maste r SCRM final report ,

whic h descr ibes  the serial  data format.  The ORDY output of the correlator

goes hig h when its other out put s are valid ; it is used as a bit clock in the

DRU . The serial  input data delayed one clock period , DMDTA , is shifted

into a 4-bi t  ser ia l/para l le l  converter , the output of which is the color-intensity

code to be stored in the m e m o r y .  The RXP and RXB counter s , properly

in it ial ized by SCD when the correlator find s a sync. code , develop X-addresses
at which  to store the color/ intensity code. The command to store is issued at

the proper  t ime as de termined by the synchronizer  (see bottom of Figure 4- 17)

but onl y dur ing  the data gate DG. After  detection of the sync . code , the line

number  gate LNG goes high and the line number cod e is shifted into its

reg i s t e r  to serve as the Y-address  RY.  Should there be an error  in any

bit of the line no. code , LNOK goe s low and no store commands are issued

unti l  the next successful  line .

4 . 7 . 4 Serial  Corre la tor

A block diagram of the serial correlator appears in Figure 4- 18, along

with t iming diagrams having two d i f fe ren t  time scales. At the negative

t r ans i t i on  of the modem clock , the correlator cycle begins with zeroing of
the AB , sync . code , and line no. code counters , but not the AA counter.
C o n c u r r e n t ly, the data present at the input at this time , MDTA , is wri t ten

into the RAM at an address defined by the stat e , say k, of counter AA. Since
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this process had been going on for many previous cycles , the other RAM
addresses contain bits from the ea rlier cycles. The correlator works by
rapidly (one bit per 167. 25 nsec) sequencing through these earlier data
samples and com paring them with a replica (from the ROM--see Appendix)
of the sequence which is being sought . Two sequences are looked for
simultaneousl y here: the 31 -bit sync. code and the fou r bits which make up
one d ig it of the line number code. Because these sequences are both
shor te r  than the 32-bit capa cit y of the correlator , 31-bit and 4-bit gates
are needed.

The sync. code and line num be r code counters Count the number of
bit s which match between the RAM output and the ROM output. The comparator
log ic decides whether or not to accept the cod e being sought. For the sync.
code case , if there is one e r ror  the code is still accepted and SCD goes high.
But if t he re  a re  two or more error s, it is rejected. The other com parator
outputs , 4 x I and 4 x 0 , end up high if the last four bits contained 3 or 4
ones or 3 or 4 zeroes , respectively. The example at the bottom of Figure 4-18
show s operation for a case where the sync. code is not found but the last
4 bit s c ontained 3 ones.

4. 8 Rem ote Memory Interfac e U nits

A nother major element of the remote block diagram is the Mlii which
is unmodified except for deletions of certain plug-in IC’s and addition of
jumpers  as described in drawing 9 11049 , the RRM interconnect diagram. The
ten sing le-wire jum pers replace gates so that these MIU ’s do not have the
color 15 non-overw r ite property of the Master SCRM MJU . The small
j umper  ca b le , described in drawing 91 1155, is used to bypas s the contouring
c i r cu i t ry  which is not used in the RRM MIU ’s. The 4-bit color/intensity code
thus goes directl y to the modify/res tore  logic (see Figure 4-19) but gets
from the DRU to the MIU via four of the eight twisted pairs formerly used
for digital video DV.
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __J~—JLJ BINARY ANGLE TO
1 1  SCALED BCD

I NCOMPO~~A V E D  MODEL DDIO7
STOUGIITON. MASSACHUSE TTS

FEATURES APPLICATIONS
DESCRIPTION

0 FAST 500 Nanoseconds • INTERCOMPUTE R COOE
11w DD 1O7 Digital Translators accept 0 PRECISE —0.0t ° Resolut ion CONVERSION
the binar y digital r epresentat ion ot 0 CONVENIENT -Compac t and • NUMERICAL ANGLE DISPLAYS
angle (MSB 180’) and develop the logic compatible. • BINARY CONTROL OF
angle scaled BCD equival ent. The BCD SHAFT POSITIONERS
t ranslation is performed by normaliz-
ing the inpu t dat a with a scale factor
and then converting the ‘esull Into SPECIFICATIONS
BCD.

ELECTRICAL
The 00107-5 is a fast , high resolu- RESOLUTION
tion. ripple-thru translator which ac- MODEL IN OUT FULL SCALE ACCURACY STORAGE
cepts up to 15 bitt of binary angle D0107-5 15 Bits 0.01° 359.99° ±.015° External
data and provides an 18 line BCD 00101-4 12 Bits 01 ° 359.9

° ±.055° Internal
output with a resolution of .01°.

LOAD COMMAND (D01074) Positive True, 100 nanosec. m m .
The DD 1O7-4 accepts a 12 bit binary LOGIC LEVELS Positive True DTL/TTL compatible
input and defiveri a 14 line 4 digit True +2.OV to +5.5V
BCD output. This model contains an False - OV to +O.8V
inpu t storage registes and can be opec- LOADING — Input 4 Standard IlL loads max .
ated in either continuous, data freeze , output 4 Standard TIL loads max.
or sampling modes of operation . POWER REOU I REMENTS +5VDC±5% C 750 MA

Input end output logic levels are PHYSICAL
DIL/TT L compatible. Accessory 4 OPERATING TEMP RANGE - 0° to +70°C
and 5 decimal digit panel displays with STORAGE TEMP RANGE -54°C to +85°C
decoder-drivers are available as option RELATIVE HUMIDITY 100% non-condensing
al a ccessoiies . SIZE 3~W x4”L x 0.4” H

PINS 020’ rou nd , gold plstsd
The t ,inslaturs are lul ly encapsulated 0.250” long m m .
in luw profile cubes. Pins are arranged WE IGHT 5 ounces
in groups of 7 on .100 centers permit 

-

___________________________________________________________________________

ting difect plug-in to wirewrap planes
or PC boards. — 
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INTERFACE ENGINEERING
DISITAL
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TUHIATIR
____ BINARY ANGL E

_________  ro
BINARY SINE

INCORPORAT ED
STOUGHT ON . MASSACHUSETTS 

-- 
MODEL DD1O8

DESCRIPTION FEA TUR ES I APPLICATIONS

The D0108 angle translators are pure 0 FAST 0 75 and 1 .2 psec • SYNCHRO CONVERSION
ly digit al devices which Convert a bina 0 F I NE .088° and 011 steps C COORDINATE TRANSLATION
iy input angle to the corres pond i ng 0 PRECISE 16 bit OUtPUt • SIGNAL PROC E SSING
sine of the angIe Ov(’r an input angular 0 ACCURA TE - 0050 arctan S RESOLVER COMPUTATION
range of 90° or , when operated with 5 PATTERN GENERATORS
external quadrant and complementing
logic, provide 4 quadtanl operation
with both tine and cosine digital out- — —-- - ---- —- - -—

puts. (Refer to Bulletin 271007) . SPECIFICATIONS

The tran slators employ parallel ripple- ELECTRICAL 
10 bit binary angle . MSB 45’ L SB 068t hru memories and interpolation logic DO los-B INPUT . . .  13 bit binary angle, MSB 45” 1.58 Oi l  -

providing a translation speed limited DIGITAL OUTPUT 16 bit binar y magnitude Sine or Cosine
only by propagation delays. The trans ANGULAR RANGE 90° Refer to bullet in 271007 i0~ $i~~• and Coun.-
l.tion speed , faster tha n equivalent OPiratiofl ow. 360°r.nge l

c o m p u t e r  operations , permits the TRANSLATION ACCURACY - ± 015% of full scale

translator to be time shared between PROPA GATION D E L A Y  0 75 microseconds 00 108 A
using hardware providing the inherent 1 20 microseconds ,.. - 00 108-8
precisio n of digita l processing without LOGIC Pot,tive true , OTLITTI comp.l,bii’
tyin g up a general purpose computer True ’ . 2.OV to . 5SV
on costly repetitive angle translation False ‘OV to O.SV
routines. Alternativ ely, the tran slators LOADING Inp ut 8 TTL loads mae

Output - 2 TTL toads mae
avoid the costs and accuracy degrada. POWER DI) 108 A * 5 VOC ± ~~ ~ 600 ma
li on inherent in analog trig f unction 00 108 B - • 5 VDC 5%55 800 ma
generators. Both models provid e a
translation precision of 16 bits. The in PHYS ICAL
put resol ution of the 00108 A is ~~~~~~~~~~~~~~~~~~~~~~~~~ - 54 to ~ t2 5” C.088 and the input r esolution of the SIZ E AND WEIGHT 00106-A Wi .  4 ’L  so 4”H , 5 ounces
DD 1OB-B is .01 1 ’ 00106-B. .~3”W~~4 ” L s 0~B”H . l0ouncee

PINS. - - round , gold plat ed , 250 L m f l
I nput end outpu t logic levels ate
OIL/I IL compatible. The translators
are pack aged in compact fu l ly  encap- o’fl OM VIEW SIDE VISW ~~0f~
sulated low profile cubes. Pins are ar - j  ~~~~ ~~~~~

“ 
T

ranged as in-line groups of 7 on .100 .- -~~- ~~~

centers permittIng direct plug-tn to I . .. -
. 

- - - I 
- 

- 
-- -
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- -
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INTERFACE ENGINEERING

LJL~~J U
F~~~I 1 ____________ 

TUI$LATSI
- Li BINARY ANGLE

_  
To

SIN/COS CONTROLLER
INCORPORA TED

STOUGHTON. MA68ACHUSETTS MODEL DD 1

FEATURES APPLICATIONS
DESCRIPTION IV. ith DDI08 An g ie to Sine Transl ator ) • SYNCI ~~ O CONVERSION

o S OUR QUADRANT OPERATION S SIGNAL PROCESSING
rh~ 00101 I4 ina rv  An g i ,’ Iii Sin ,’ m d  0 ROTH SINE AND COSINE OUTPUTS
i ,,,i i ii. Co ntr o l le rs adapt the Mi,i im - I • COOSDINATE ‘l’ RANSI.ATION
DDION B.n. mr y Ang le is , B i n a r y  Sine 0 t~ OR I S  BI T ANGLE IN
t r a ns la t i ,ri. I-. lu ll tou r q uad rant si n,- 0 Il BIT SIGN AND MAGNITUDE OUT S COORDINATE TRANSLATION
and i - , s tni-  jm p . ’  r , .t i , i f l . o ACCURACY .0. 003° A RC TAN S PAT TERN GENE RATORS

SPECIFICATIONS
Th.’ ,- ,in l ro liens are purel y digit..u
ii r v t c * S  which deternm.n.’ the quia ~~
rant in wh isk the ang i’- l i re , deter. ELECTRICAL
nnnr the pi’ lartty of the sine and

output s from the DD IO11, and
r ,i imt p ei t her Ike .nput ang le or it ’. Digital Input IS bit angl e (1.155 150 I
two ’S i-n mp lr ment to the input of the
0011) 14 . lnh .bt t logic is pr ov idedl i r Fun ction Select
t i rb id .len two ’ s comp lement rod,’.. Sine aelect Isis, I ’ ..

Cosine select  line .,~ Is ( I )

Digital Output s —— — 
Quadra nt

A etri gI.’ contro l  line I t l rCt I  the sine Po l ar i ty  (Di rect  Output) I I t LII IV
or ro a m .  output functio n . W hen the Sine Polarity 0 ‘T r r ’
u n,’ is i.ow t~ e comb in ed outp ut I i  bit Cossne Polar i ty  0 1 I 0
code represents the s ign and magnitude
.1 the Sine ‘if the input angli’ . When An g le to ODiOS (MSB 43°)

(h . l ine ,e H ig h 1k.’ output I? bit e rep . Sine Select 0 90°- 0 0 90
0_ S

r esi nS e. g.. and rna~ nitr.de .1 the Go- Cosine Select 900. 0 0 90°— S  5
— i , , m , , i  t in - i t i t i m i i  ..ngl. ’ -

Translat i on A c c u r a c y  (With DOlOR )
Magn itude +. OIl,
Arc  Sin/Co. Rat s , ,. 00S

t i n  1)1)91 ’ - a i l l  - i , , , t , I  .
~~

- ~ . - u t
ar ~g lm-  in.1 i a n  hi- .,‘ ,. ,i w i t h  Pr~ i p agat i ssn D.’(ay 0 . 95  user with DDIOR A

lb. DDIO$A t. 01411” 1,511 1 s r  1.50 use r with DDI O$B
91)1 ,1415 I I l l  - LSR) .

Logic Positive teas. DTL/TTI. ca~~ stlbi .
True .2. OV to 43. SV
File. .0 to 0. CV

L uading Input S TTL loads max .
Output 10 TTL loads max.

Power .5 VDC 
~

S% 4450 ma

PHYSICAL

Operatt ng Temp . Range 0 to 70°C

______________________________________ Storage Temp. Range -62 to + 115 °C

Sit e and Weight W . 4 L  x 0. 4 W , 4 ox .

igrecract £N GINURIN G iNC Pin.  020” round , 1oI d plated
354 LIN OEL O I AVf NUt .250” I,. mis. - 

-

STOUGHTOS . MAISACHUSS TTS
CM1 1e17l 344735S
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0 0 a ng le measurement and control

BOT TOM SIDE
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I
CONNECTIONS

.42-- — -— I s
• I
5 5 —
• . FUNCTION PIN FUNCTION PIN —
5 • I • —
• SIt I in (leO0) 25 Sign Zó
.31 — - -  Sil l In (90°) 24
.31 — — — — $ • -f. BIt S I n  (45°) dl alt 3 Out 3
S a J Bit 4 In 39 alt 4 Out 2 —
• Bit 5 i~ 40 alt S Out I: : ~ alt 6 Ia 35 Bit 6 Out S
a . j  Dli 7 In 37 Bit 7 Out 8 —.25 -— -— -—  — — 4. -t Bit S In 36 Bit S Out 6

. ~~. ~~~ T Bit 9 lit ss BIt 9 Out 7
U U I  %P35 SIt 10 In 34 BIt 10 Out 9

Bit 11 In 3 1 BI t I I  Out 15Z Sit 12 In 30 Bit 12 Out Il 3T Sit 13 In 33 BIt II Out 13
Bit 14 In 32 Sit Id  Out 16

I Sit 15 lit (LmSB) 15 Bit IS Out 17
53$ - —— — -— IS. ‘f VCC • SV 42: I Common 27 Sin/Gus Select 23
a s~~~~~ —
• 5 —

=
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1 1
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~~IS PAG~E IS BEST QUALI~~
~~~~~ OM OOI~I ~~ 1%) DD,G _—.~

--

Am2502/2503/2504
Eight Bit/Tw .lv. -BIt Succsssivi Approximation R.gist.r s

Advanc d Micro Dsvlcu
Compl.x Digital lnt.grat .d Circuits

DistInctIve Characteristics • 100% reliability assurance testing in compliance
• COntainS all the storagti and control I or successive with MIL•STD-883.

aPproxImation A-to-D converters. • Can be used as seriaI~to.paraIIeI counter or ring
S Provision for register extension or truncation, counters.
• Can be operated tn START-STOP or continuous S Electrically tested and optically inspected dice for

conversion mode. the assemblers of hybrid products.

FUNCTIONAL DESCRIPTION cloc k LOW-to-H IGH tr 5nsitio ,, un order t O gua.antee corn-ct resetting.
TI,. A.n2307, Am 2503 and Am2SO4 at e 11-hit and 12-bi t IlL Sur Alt e r t he clock has gone HIGH .esett ng the reg ist e. . th e  ~ si gnal is
ci’ssiW Apgw os,,nai,on R.pst,is The resssie,s con tain all the digital removed. On the next clock LOW to-HIGH trans , t ion the data on the

- , , i ’ - . . i .inil stotagi ’ necessa.y in. sUC ,essive a pt,.oximation analog-to- 0 inPut ‘s tat into the 07( 1 11 regist e, bit and the 06130) regI st er b,t is
.i..pi..h comis’e.sin” They can also 1w snail fl d igita l systems as the set to a LOW ready f or Ike nest cloc k cycie On the lest cloc k LOW.

I r ii. .t . .l .,i,,I st i ia.r .‘i emin,I ri ,io isit,se iti gital tou tmn es  to-HIGH transi t ion data ente,s the 061t0 1 req .stei hit and 05191 is set
TI , ,’ ,e~ isle,s COOSiSI 01 a set oh ,n,,rlter latches that act as the control to a LOW This operation ,t repeated for  each regoter bit fl t or f i  unh i l

- “h emp,,) un Ike ilev.ce ansi change stat e when Ihe input Clock is 1.0W the register has been f lied. When the data goes into Q~ . th e cc s.gnal
m d  ‘I eel ni sljvp Locket that ho ld the ,egisie i os ta and change on the goes LOW , and the registe l is snh ubi tec l hon. fu r the r  change until netet

- ‘flOu t i-l i st - k L O W-tn-HIGH tn.n sit ,o i, Exte rn al ly  the mievice acts as ~ 
by a Start signa l .

ii inmipose seniii-to -paiaIi pI converter thai accepts data at the I) In orde r to allow complementary conversion the complementary
ii i14 ii of the i eqitt ,r and tend s the data ro the appropniare slave latch output of the most signifi cant register bit it made available. An acti ve
t o ,.iipej i it the re giste r output and the 00 outPut on the Am2502 LOW enable input , 6 . on the Am2503 and Am2504 allows devicas to
iso Anm ?b04 when the clock goes h o r n  LOW.to -HIGH There are no be connected together to form a longer register by connecting the

- ‘i ’ct ,ict ii.ns nit Ik e iti tS .npul . Ii can change state s, any time eitceOt cloc k , 0, and S inputs togethe r and connecting the ~~ output of one
- 

ii l i i O i i i  liii’ W t .U P time lust pr ior to I ln i  clock tran s it ,on . Al t he laiTy device to the E input of the nest less significant device When the Star t
l i-I-S. th .it il atim i ’nte r s Ike r egist e, bit the next less signut ican t bit Is set signal res iSt the re gmit ar , the 6 signal Roes HIGH , forcin g the 07( 311 bul
ii, a LOW ni’a,ly lot the nest  i terat ion HIGH and inhibi t ing the device from accepting data un t i l  the previ ous
T I , ’ ..-q.str. ‘s rese t by holding the S l Star t l  signal LOW dur ng the dev.ce is fu l l  and os CC goes LOW. If onl y one dev,ce is used the E

I c i n c h  Lt )W I s ,  441Gl-l i,ansutuois TI’,. ,egisIe, syncl..onously resets to input should be held at a LOW logic level tGro utsd l . If all the bits are
the da te 0 ,1 i l l  LOW , I Note 2) antI all the rem aining regitter outputs not required , the registe r may be truncated and COrniersioft tttTvi saved
H IGH 11w CC lConvsrsi on Compietel signal is also set HIGH at this by using a register outpu t going LOW ra lher than the CC signal tO

I t u n e  The S signal should not be broug ht back HIGH unti l  after the indicate the and of conversion .

- .  

— 

LOGIC DIAGRAM/SYMBOL S 
-.

I .. ~~. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I
~~~~~~

~~~‘,i. r i  _ _ _ _ _ _ _ _  I ~- ¼ V  I , 5 -  . , .er ,i ’. ,p. t ,0, - - —- - - ‘ 
-

- ‘i ’u.sti” oup ’s 
- - 

-

- i
~ 

I i i  fl~ A,, , lh O2 3 . . V CC • Pin 16
5 ) . , i o - ) , A,n25 04 ~~~~ - PI n 16 y GNO • Pin 12

/ N. . ., , i ,m-i s -n  pa .an tkesasara Is. Ai-’-.2504 G N D  P ’s  is , . NC - P,ns 30 . IS . 22

ORDERING INFORMATION CONNECTION DI&~RAM$
Am2502 Am2503 An,2504 Top Vi.w

P.ackaqe Temperature Order Order Order ~~~~~ - 
. . .

Type Range Number Number Number .. - 
-

‘I- —

Molded DIP 0 C tO 4 75°C AM2502eI’C AM2503PC AM25O4PC - - ‘ -

rier metic DIP OaC to +75’ C AM2502Dc AM25030C AM25O4DC - ‘ ::~ - i  ,
~~~~

, , , ,,,

Hermetic DIP -55 C to +125 C AM2SO2DM AM25O3DM AM2SO4DM “ ‘ ‘~ “ . 
‘ 

.
~

Hermetic Flat Pak 55”C to .125°C AM2SO2FM AM25O3FM AM25O4FM I - - -
Dict’ Note AM2SO2XX AM2SO3XX AM25O4XX 

..: . . ‘ : .  
-

NOTE The dice sutgtlwd sell contain unit s itf OCh meat both 0 C to
•Th C arte -SS C to .32S ’ C iemgSrstu r e rang,, NOT E P I N  1 is mark ed to, ori.nt at ion
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mr QU~LIfl

~~~~~~~M %I~I’I

MAXIMUM RATINGS Above which the uetful Ill. may be impair d)

Storage Temperature 
- - 

— 5 C  ~o +16O•C
Tempe rature (Ambient) Under Bias to .125°C
Suppl y Voltage to Ground Potential Continuous -.05 V to +7 V
DC Voltage AppI IId to Output s for High Output State -o 5 V to +V~ max
DC Input Volta ge —0.5 V to +5,5 V
Out put Curr,nt , Into Outp uts 30 mA
DC Input Current 

- - - - 
30 mA to +5.0 mA

ELECTRICAL CHARACTERIST ICS OVER OPERATING TEMPERATURE RANGE (Unless Otherw ise Noted )
Ain)50 7*C An2S O 3XC A,n2SO4XC T A - 0 C i .  - T h  C VCC - soy ‘5%
Arn lSO2*ts4 Am2SO3 XM An,2SO4XM T A ’ - 5 S C t o .125 C - SOy  ~1Ots

P.ram.t.,s Description T..t Conditions M m ,  Typ, T4et~ I I  Mex, Units
- V~c MI N . Io~~ -0,48mA T F

~~~Output HIGH Voftage v s v ~~ or v ~~~~~~~~~~~~~_~~~~~~~24  36 Volts

Vo~ 0~~pu~~LOW Vohage ~~~~~~~~~~~~~~~~~ ~~

V 111 I p I HIGH Leve l Guaranteed npu t ioguca l HIGH 
2 0 Volts

V~ inpsit LOW Level ~~~~~~~~~~~~~~~~~ ~~~~~~~~~

- 1 os -

~~~~~~~~~~~~~ 

- .

(~~ot 21 Input LOW Curren t  VCc MAX~~~~N O4V ~~~~~~~~~~~~ tii~I ii Ii~iII~ii~T
11H  - Input HIGH Current ~~~~ -‘ MAX.,  

~IN 2.4V i to I
IN it. 21 - 

- - - - -  -- — ~~~~~~~~~~~~ -‘-

- - -  - -  - - 
lnpi,dHIGHCwrenf 

-- ~~cC MA X .. thits 5~5v 
______ ______— _____

~~ Output Shor t Curcui i Current VcC~~MA X., voUT~~O,Ov —3 0 —25 —as rn*
- 

-
- l xiii 65 65- - Am2502 I -——--—---~~-—— —————-- mA

I I XC 
_ _ _ _  

95 95
T I XM 60 

- 
60 

- T- Power Supply Current V~~ M A X .  Am2503 ~~~~~
- —  

~~~ -‘ a

r ~~~

- 

____  

-

~Am2504 
XC 90 

— 
124 “ ‘ 

-

N ot ,- I T ypi cas L I - n ut s are at ~~~~ 5OV . 25
5 C ambient end maximum loading.

2 Artua l  inp u t Cu r r ents are Obis sned by multiplying ott,, load cur r ent by input load tac tor lie. LO.din5 N sil.s) .

Switching Characteristics T A 25°C, VCC x 5,OV , C1 = l5pF
Parameters Description M m .  Typ, Max, Units

~~~~ Turn Off Delay CP to Output HIGH I 30 29 36 ‘ii
t p~ Turn On Delay CPto 0utput L0w 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~W H”~ lB 26
- - — - -  -~~~~~- -- - - — - -- - - — -—- -- ——- —- —--~~~~~~~- -— -— - - -—~~~- - -— — — ~~~~~ —

t,IO) Set -up Time Data Input —3 0 4 5 I
t~($) $it-up lmss 5tant lnput 

- 
1 i~~~f’~~~ii 

_______

t pdalEI Turn Off Delay E so0~lI1l  HIGH 1Am2503/4) 1 13’ ”r ’ l. IW
t ge~ 6) Turn Ous OeI.y E toO 7( l I )  LOW Cp U 1 L  “ ‘i ~~~~~

- - — ____I - t rwLlCPl Mini mu m LOW Clock Pulie Widt h ~‘t~ 36 49 As
t~~~H(CPI ; Min imumNI G H ClocisPuhie Width 

4 

- 
20

~ma.r Ma;inium Clock Fnaqu ncv 
- 

—
~~~ ~~~~~~I5 

- — 
Mite

A.?

—-

~

---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~ - -- - - -  - - .
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TRIS PA~~ IS BEST QUALITY LC?ICA~I1
~~~~~~~~~ OOPYIIJRNISI-LED I1ODDC

r 
- - -

SWITCHING TIME WAVEFORMS
— — - -  

______ REV TO TIMMIS OIASE*Mf ~ \ ~J ~~ j
- -  .avt eoeo iwuts pute~n~ I

elates e l i t e s  IXIOCOOOC~O(1 IHIHh/Ill ‘ ‘ - 

____ 

stgao, fi t  api ’
— I I

— - 0 - ’.

I
t
~
f

$
t
t
t
,
t ft

$
?
t

t
t
t
~
t
$
!ti~

!
t
l
$~

tv
$

T
$
t tt

$
t
$
t It I!? I ?~1( ~~ 5141 lf tttAttIAlAIAtitttf t &tAtL IVf i~.t At4t f t A t Atitots~ - ,  -

a’i.t eg
NAY CiiAiiGAA ~ A A S A A A A A A A u A S A A A A A$A$A$A~ tAIA A S jA’A~t ~ 5

15 £t Ati’StAt A’A’L’Als .,IA A A
t Ah it ih A h it At A h i ~~~ ~~~~~~ — ,o ~ 

c,iAaigseG

- j ill - -
_____________________________________________________________________ Cuts  Si- 

- 

CC~~~~ t Cu~~~~uw -e NON i TO S eeoe i, ?o — -- — —

LIII - 
_ _

-s - -- - 
Dott y CASI CuiAM,i$G
ANY COAStS sT At S

_________ I-taNi?’rf 0 u5xsiON’i -F iiii - 
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DEFINITION OF TERMS
SUBSCRIPT TERMS: 10H Output HIGH current , f orced Out of outpu t VOH test.

H HI GH , applying to a HIGH logic level or when used with V~~ 10L Outpu t LOW current , forced into the output in VOL test.
to i ndit. ate hig h ~~~ val ue . I IH Reverse input load Current,
I Inpu t Negative Current Current flowing out of the device.
L LOW , appl ying to LOW logic level or when used with VCC to Positive Current Current flowing into the device .
in dicate lOw VCC value ,

VIH Minimu m logic HIGH input voltage.
O Outpu t

VIL Maximum logic LOW input voltage .FUNCTIONAL TERMS: VOH Minimum logic HIGH Outpu t voltage with output HIGH
F.n.Out The logic HIGH or LOW output drive Capabi lity ° current 10H flowing out of output .
Terms c it  Input Unit Loads.

VOL Maximum logic LOW output voltage with output LOW cur.
Input Unit Load One T2 L gate Input  load. In the HIGH State I t  ren t tm~~i flowing into output.
u s eoual to l i i i  and in the LOW state It is equal to 11L ’ SWITCHING TERMS: I Measured at the 1 .5V logic level).CP The clock tn put of the register t~~., The propagation delay trom the clock signal LOW-HIGH
CC The conversion Complete outpu t This output remains HI GH tra nsItion to an output tigna l HIGH.LOW transition ,
I lui r l s i i l  -i cunvers io t i  and goes LOW whe t a conversion is complete .

~~~ The propagation delay from the clock signal LOW-HIGH
0 l iw  ‘is -s al t lata inp ut of the registe r t r ans i t i on  to an Output signal LOW.HIGH transition.
E The ti ’gister enable This input is used to expand the length of tgd IE ) The propagation delay from the Enable signal HIGH-
the neg iter and when HIGH forces the O~ ( 11 1  register output LOW transition to the 07( 11) output signal HIGH . LOW trans-
I-sIGH and inh ib i t s  conversion . When not used for expansion the ition ,

u nable is held at a LOW logic level (Ground). 
~~+ (E ) The propagation delay from the Enable signal LOW-

O~ (11) The true output of the MSB of the register . HIGH transition to 07(1l)  output signal LOW-HIGH transit iOn .
O~( 1J) The complement output of the MSB of the register . ç(D) Set-up time required I or the logic level to be present at the
Oil  7( 111 toO The outputs of the register . data input prior to the clock transition from LOW to HIGH in
S tht e s tar t  input  It hhe start Input  i5 held LOW for at least a order for the register to respond . The data input should remain
clock lnetiod the i iiqlster will tw rete t 10 07 ( 11) LOW and all the steady between t5 max . and t5 mm . before the clock.
,emaiisin q outputs  HIGH. A start puls.~ th at IS LOW for a shorter t5 (S) Set.u p time required for a LOW level to be present at the
period of time can be used it I t  meets the set-up time require- input prior to the clock transition from LOW to HIGH in order
ments of the S input , for the register to be reset , or time required for a HIGH level to
DO The serial data output. (The 0 input delayed one bit) ,  be present on S before the HI GH to LOW clock transition to

prevent resetting.
OPERATIONAL TERMS: trw (CP) The minimum clock pulse wi dth (LOW or HIGH )
lu Forward input load current. required for proper regist er operation .

A-8 
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Am2502/3 TRUTH TABLE USER NOTES FOR AiD cONVERSION

1 The reg ister can be used with either current switches
I that require a low voltage level to turn the switch on ,

Tern. Inputs Outputs or curren t switches that require a high voltage level to

— 
turn  the current switch on, If current switches are used

i .~ I )  ~ F D~ 0~ ~ 6 05 04 03 ~~2 0~ ~o CC which turn on with a low logic level the resulting digital
output from the register is active LOW That is , a l ogic(I X I. I X N X N N IC IC IC K N “1” is represented as a low voltage level , If curte nt twit

I I 0~ H I K I. H Cf H H I~ i~ ~ ches are used that turn on with a hi gh logic level then
l)~ H L 0~ 0~, L H H H H H H H the di gital output is active HIGH; a logic i” is repre-

3 0
~, 

H I. 06 0~ 06 L H H H ii H H sented as a high voltage level ,

~ ~ -t H I. 0u~ 0, 06 D~ I H H H H i-f 2- For a maximum digita l error of ~ LSB t he comparator

~~ ~j ~ ~~ ~ 13 04 1, H H H H must be biased, If current switches that require a hig h
4 7 6 voltage level to turn on are used the comparator shouldIi 1) i l L  0 1 ) 1 ) 0 04 0 1. H H H -

- / - - be biased • / ,LSB and if the current switches require a
L)~ Ci 1 0;, D~ 06 L)~ D~ 03 ~ 2 L H H I high logic level to turn on then the comparator must be

if ti ~ 1)
~ 

0~ ~~ D~, 0, D~3 07 D
~ 

L H DiaSed - ‘,L SB,
-i  IC H D~ 0 1¼ 0N 04 03 07 O~ D~ 1 3. The register , by suit ab le selection of resistor ladder net-

- tO IC K I 5 0) 06 0~ D~ 03 02 0 1 0~ 1 wor k , can be used to perform either binary or BCO
- ‘ conversion.
I IC X H  IC H NC NC NC NC NC NC NC NC 1
I 4, The register can be used o perform 2 s  complement

- I 
conversion by offsetting the comparator ~6 full range

H H I b H Vusitaqi ’ L e~eI +Y, LSB and using the complement of the MSB
I I LOW V :iltaqr ’ Level Q~ (11) as the sign bit.-

K t)u iit i Lan , ’ 5 If the register is truncated and operated in the contin-
NC N uu Chu,nu1e uous conversion mode a lock-up condition may occur on

N - I I T ‘ i  A ?N0 4 -. I i i ’  I I 
power-on , This situation can be overcome by making

ii - - S I  51 , 1 u u  the START input the OR function of CC and the appro-
;- pri ate register output

- - _ _ _ _

- Am250213 TIMING CHART

~‘ 1  I
-- ‘- ‘ 1 1 I L i I I I I I I

-I
- -  

_ _ _  

-:

____  I
I I

- I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

— 

- - - I - ,  

- I I I
I I 

_ _

- _I ~~-1 I
- 

_
_

~ _~~;, - - I I

i ’ I  I 1 J 1 1 I I 1 I L__
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Am2502/3 LOADING RULES (IN UNIT LOADSI Am2504 LOADING RULES UN UNIT LOADS)
Inpu t Fanout Input Fanosat

- Pin Unit Load Output Output Pin Unit Loud Output Output
Input/Output P4o, ’s LOW HIGH HIGH LOW Input/Output No.’, LOW hu GH HIGH LOW

F t. ~~~~ 1 2 2  
- 

—  E 
— 

1 2 2 — — ‘

DO (2502) 1 -  12 6 00 2  - 1 2 6
I CC ‘ 2 — 1 2 6  3 — — 12 6

00 3 - 12 6 09 4 — — 12 6
4 - 12 6 01 — 

5 — — 12 6
0

7 
5 12 6 °2 6  — 12 6

03 6 -- 12 ~~~~~
‘ ‘

~~~~ 7  - 
— 6

o 7 2 2 04 8  — 12 6
GNO 8 05 9 — 12 6
CP 9 I I - C 10 — — - 

- 
-

S 10 1 2 
- - -  - - 

0 11 2 2 — —
04 I l  - - 12 6 GND 

- -  -~~ 1 2 -  
- 12 - 12 6 çp J3_ _ , _ , l• 1 - —

~
6 13 - - 12 S 1 4 1 2 — —

0, 14 — i~i 
j ’ NC 15 — — — —

07 15 — 
- 

12 °6 16 — — 12 6
- v1~-1 16 - - 

‘ :
~~~~~

- 07 17 — — 12 6

MSI INT ERFACING RULES 8 __, 18 
- 

— — 
- 

12 6
Equivalent 09 19 — — 12 6

- Input Unit Load ‘a’ ”—— 
20 — 

- -  -
— 12 6

- Interfacing Digital Family HIGH LOW ,J,P
I 

~~~~~~~ 
0~~ 21 — — 12 6

Advanced Micro Devices 9300-2500 Series 1 1 
- ~

“‘N~’ n —  —‘ - --

FSC Series 9300 1  1 - -

~~~~ ~~~ 
23 — - 12 6

Mvânced Micro Devices 54i 7400 1 1 
- VCC 24 — .. ‘“ : —

- TI Series 54/7400 1 1 - -

- I Signeti cs Series 8200 
--

National Series OM 75!8~ - - 
1  1 

-

DTL Series 930 1 2 1  NC~ No Connection

INPUT/OUTPU T INTERFACE CONDITIONS

I Voltage Intarfa ce Conditions — LOW & HIGH Current I nterface Conditions — LOW
UVIPSIT omi viiG inevy ioao

ONi vIN ice
OuTeut -

-f

-; ___________________ I ji~~
— iOU NiNiNUM LOGiC
— 

- NNtjliiTV iiitii iN~ JT
vOi, TAGS

~U easueue oGIC 050: I~ I

•~ toe uxir .ij n ~ 
NASuMUN LOGiC

VOSTAGi 
~~~~ u1*~~~ ~~~~~~~ Current In terface Conditions — HIGH

~ 0 ISi t, OUTPUT oaiviiio ~~~ T LOAD
00 

iumu v nst oS Y ici Os,YSri OfviCi 
— ____________ ____________ ________

A-b

-~~~ -~~~~~~~ --~~~~~ —— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~ —
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Am2502/3/4 APPLICATION
Continuous Coewersioss Anino .tcDj ,j taI Convene,

- ~ - - - - 

1

u T i n s  .hO *i how iS. Aini7bO2. ’)’4 n.gu ,nl r , are .iiad W i th  a Du gi t Al  iO Ana log cOnV.rt.n and a comowato r to fern ,  a nary Piugh-*p..d Coin
ius’uOun conVs.suon Anaiog so Du sit al conv.r tsi Contne r n,on t .me us iimitad mainly by the np..d of tin. 0/A conn.rt .r and corn p.rat w With
typical connansuon r .in, 0* 100.000 connI rCuons par necond, A t O bit COntinUou S conven t ion can ba p.niorrnid bri connacting 0~ to 03i arid i s n a  0~ as in. conv.ruosn compist. si~n.i.Tin. compa rato, car, be the Arn i Ii pu,ci$uen cornipanstor An, t O6 inslin-apUd compae.to. ,
or AmADS n•n V high stied comparator

Am2502/3 PHYSICAL DIMENSIONS

16-Pin Molded DIP 16-Pin Hermetic DIP 16-Pin Fhe Pak

A A A A A

_ _ _ _  

I
~~~~~~~~~~~~~~~i 

~~~~~~~~4 
j

- ~~~~~~~ ~~~~H M ~ M’~ :~ ‘~~~~~ —
- - 

- 
‘
~ ~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _

1/ 
¶ T l

- Am2504

24-Pin Molded DIP 24-Pin Hermetic DIP 24-Pin Flat Pak
I ‘- a - 

AA~~tAAAAAAAA - -

I.- 
- - . 

~

,

n 

:_
~~.,. 

-. 
_______ -

‘ “ ‘ ‘ I 
c~~~~~~~~~ , 

:,~
i

:L
~~ 1

r—~

- 

Metallizetion and Pad Layout
Am2502 Am2503 Am2504

iF (406) 7324406

s’uo u rw~. ~toi~e-mo
- - , , - i - i o- 

~~~~~ ‘“ - i - --  - I--n - - “ C A l  . - .-~ tELEX: 344306
Adn$ric.d Untro OI, iCI, can riot issue. nespoinsibi iiiy u o, usa 0* asp CIncuiI r ~ dascnibed elba, lien Circuitr y sintlrstp aunnbolb.d in sin Adwnc,d inc,. Oe~iass ereMUci
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PIN DESIGNATIONS AND CONNECTIONS

Model. E$DC or ENOC. H or L 1400 Nt) Medal ISOC4 (IS-Oil Ni)
Ct )NV t R T IN 

~ ii TMNS~0*NtN c3NVl Nit
INPUT CONNI CIiOII Oil ~ INPUT CONNLCTIOII COIINICVIO8I OUTPUT

Syiich io inpu t SI
118V 1 1 4 0 0 H t IISOC I 53 S~ec e e k~vt.

or 9OVL-L . 400 NZU SD C H ’ S7 IOV I, -t 50-400 Hz S2

2~V.4O0 NZ (E SDC- L ) RH (hi$it side) ~~~~ ~~~an IISV 400 Hz (ISDC H) RI. (ice side) - 

~
Powei Supplues 5% Q Q ’ coiwiect to Q

+ISV~~ SSm* ISV s connact ta S
ISV , 30m4 ISV W (no coiwt.ctlon)

.
~ Sv ~ 2$OitiA j I connect to I

moo 
- v connect to V

1e~ic ‘0” forc es data hold INN U con ned IoU
C COnvertSr buIp WIlen IS,iC .ul Powersii~~Iies u~5%
MSB I 110 True Le~lc +15V~~ 75mA -~ ISV

2 90 I5V~~ lOmA ISV
3 45 + SV~~~4C0mA +5V
4 22.5 Cammoil GIlD
5 11.25 Logic ’0’ forces data hold INN

_________ 7 2813 C Convertor busy alien iagic - 1W ’
8 1-406 MSN 180 True I.cejc

SOCOiiV( NT5P - - 9 0 7031 5 90
tO 0.3516 am cciivimttn i i -  4$

- ‘ I I  01758 -i ii-

- tsoc i- 12 0.08799 -i  11.25
- ..r ‘. 13 0.04395 esoc ~~- ~ 5.025

- 
- 

i [“‘ i ’  14 002197 - i  7 2.813
- —  ‘‘1

~~~
°! - - r —--——-’---— :~ ~~ 

I 1.000
- ‘ , -L  ~j  •‘ - : ~ ~~

“] 
- .5. ,. 9 0.7031

- .  .i.1 10 0.3516
iN SW’ 

D~~~3 
Isoc .OH~ TIaIi$ ::

— -i i- 13 088315

-— I - ,  MU- 14 0.~~I97

TOP VIEW Of MODuLE TNAHSFO$MtN MODULE CO VEtTEN MODULE

SPECIFICATIONS MECHANICAL

ELECTRICAL 
ESOC-H an I. COMPLETE

— --- - — - -

~

tU 5  $
VALUE i” I

arcunAcyf I 
— — — 

S UtiS ~~0C ~~~ 
-f”— ~~~~~~~ 

‘~~~~1 
~ 

‘

~~~~f ~~~ ~
RESO lUT ION 

- - - - - 
l4 Siis - :~ ~ .

coo iuo nsiurai bufl4 ry angi. 1J 9? I ’ 
._._ _ - ___ _~__ - •l t i •  00
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Timing TsslMg
iiguut ti sh ows the t Iming waveforms of the converters. Because of the high accuracy of these converters, only labo-
Whenever an Input angle change occurs . the Converter rato ry-grade eynchro or resolver substitution boxes or stand-
changes the digital angle in steps of 1 LSB. and generate s a ard s Can be used. To avoid costly test equipment, we invite
CONVER TER 8USY pulse During the 3~5 “bu sy ” pulse, the yo u to use DDC’s facilities for “ sourse InSpection.” at nooutput data is changing and should not be transferred into the extra cost.
. omp uter output buffer The conver ter will ignore an INHIBIT To test the unit , arrange your test equipment as shown incommand appl ifd during the ‘busy interva l until that litter- Figure 8. A lamp-driver or suitable readout is necessary forval is over A simple method of interfacing to a comput er 5 each of the data outputs . We recommend the circuit shown into (a) apply the Inhibit . (b) wait 5~s, (C) tr ansfer the data. and Fig. 5C. The Synchro Standard is set to the test angie.. The(d) release the inhibit , angles corresponding to the lights which are on are added
Although the computer usually wia require that the data be and compared with the standard angle. Max imum observed

- - error shall be less than — minutes —0. B over the tern-synchronized and loaded as descr iueu auuve , it can be read-
oul as nchronousl m b  a holdina re ister usin~ the trai lin - pen t~e range. o ang $ versus • a is given in .g. -

ed f “ C n I t  ff t th r II I Iran r m- A typical room-temperature error curve is shown in Fig. 10.
h F 7 I th f r ~ the f q r i ca, error n wn or

regist er will change smoothly t rom iln tO i4 n -~ 1. extr e~nes. 
- ~ pa
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A~ 1 PEX CORE Fast and compac t Quality assured reliability Maximum output.

\ E M O R Y  
t hi- An:1 -e* 206’i co r e memory The 2065 has more built-in less noise

lirst r- r su rci more compact than reliability than any comparable Coupled noise is reduced, end

MOD (.F . - S n - or h - r  20-hit word Ienqth OEM memory. Al? critical oreos a maximum Oulput signal is 
r -   He to the OEM oltho memory receive Ontro t,rovsdeci by high density core

-- I” \ ~~ F COND A  ~~° - ,  c --r i p t u n e  attenti on, and design simplicity sockni~unq which permits shorter

~
- n It - -r’ s s i r -c s- n i , 8 inches - s followed throughout. sense. X and Y lines Cores ore

- - - - ti ni -os der-p si2 nches Conservative derating pioctices . oligned in a double herringbone

~ o ~~ 
-
~ - -.: -, I- - i. -0 ND - u-leyiccn qualification, and careful pattern with a center-to-center

s Unequaled packing densit y component speci fication further spacing (in the sense/digit
- \l 1i-~ i’f l f l  ‘ IOSC snore than ensure overall reliability, winding direction) of less than

I f-fl (t(’tO lo? , e s - s cale ~g~c c Rugcledi7ed construction used one-half the core diameter . 
h t ~ ~ i rh (iCCiJpit’S onl-, throughout the memory makes Precise core alignment is

i ’7 l~) - ~~~ ech i a in \-our s~stpsn -~ 1x’eticutorly suited to industrial maintained by a proprietary
A l l  I -s ps-rckact ~d cs~ 

—ipplicotions, Every stage of Silostic bonding which dissipates
Is p r semovabte printed c i rc u i t  the manufacturing process is core switching heat and mini- 

-cia cloi~ rpqistpr , drive . closely monitored by the Ampex mi?es temperature gradients by
s r l  lonsi r core-stack The al_ a l_ tv Ass-irancp Department in providing a thermal path to

- ~- r  5 dimencians of the ~o~c accordance with Mlt-Q-965RA . the substrate. 
lo ,rs hs-ipnt p~ c kctainn Simple itst.,fac., Only two volt ages are

i-h I 5- . which is superior to easily expandable requiirc’cl +5 and — IS.
-‘TO 5 f l ’ II’ hoard Up to eight 8K x 20 modules con Temperature conipenaated

- a A . -r spçuit -,-ru have be combined in parallel for a There is no need for power 

- ‘ s - ~
, r isible for other capacity of 65.5~6 20-bit words, supply temperature compenso-

is n ii’ a- , cs — sr functions This flexibility permits the hon. since drive current sources
addition of memory capacity ore temperature compensated
in increments to meet changing in each module.
system requirements. Longer All the interconnections within
words con alto be accommo- the module between circuit
dated by combining modules, boards are provided. No
The use of module select additional low level bock panel
decode and negative-TRUE wiring is required.
apen collector outputs makes Modular interchangeability
interfacing extr emely simple, Complete module-to.module

$

~~~~~~~~~~~~~~~~~~~~~ Foster switching, uniformity is provided by
- ‘ - - 

b.seder margins optimization of memory timing,
The 2065 uses t8.mil tempera- drive currents, and threshold
tur e stable cores to provide fast levels in each module, Your field

- 
switching and brood operating support and spares requirements

-‘ margins ocross the full 0°C to ore greatly simplified by the

1 
‘- 

- 
55°C operating temperature ability to interchange any
range Cooling requirements ore module within a system or
also simplified The planar stock between different systems, Each
consists of up to twenty 8,192- module iso complete memory

wdh self contamed data reg~ er 

-
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~ 0 b 2065 specifications Standard Output Data Output
.5 i - t -nr c - -0 ncs rs ospconds s ignals Unit ~vnilabIe signal )metnu’ur ,-

C - I i- nme c5i) nc,nosnconds busy)

C ‘ a c ’  2, 14R 4 ,096, &192 wo rds of lO. 
Data available signal

16 , I 8 Os 20 bits in a single End of cycle sugnol

module E~~ondoble in modules DC power requirement
- - to a capacit y of 65,536 words , Voltage Regulation Current fM’ ’ I

Lon~ er wor ds con olso be - Ic VOC ±3°/, 7 2 omris (20 I
a commodoto d by combining +5 VDC ±5°,. 4 5 amperes sour-’’

modules No temperature compensation of either voltage

- Read-Restore us necessary.
c-s Clear-Wri te Weight 40 lb.

Recid-Modi fy -Wr ite Dumensions 80 inchas 1203.2 mm) high
irste-fuct- T fl nTe9ative TRUE logic is used. 10.0 inches (254.0 mm) deep
ch si ra c ter sstu cs 70 inches (SI mm) wide
Standard unput Address input (2 l25 inches with optionol
yqriai ui es Data input metal cover)

Start input cycle (SIC) Operating 0°C to 55°C ambient
Start output cycle )SOC) Environment temperature
Reoct .modtfy-write control Up to 90 /. relative humidity
Module select inputs (used to with no condensation
address separate modules in a Non-operating —55°C to +85°C ambient
multi-module system) environment temperature

Up to 95% relative humidity with
no condensation

Available options Byte control (2 bytes maximum)
Zone control (2 zones maximum)
External logic clear
(Internal logic reset to ready)
External memory register reset
(Output lines at high logic state)
Exter nal memory register transfer
(For byte or zone control)
Metal extractor hondle
Metal covers

Typical Input Receiver Typical Output Driver

4- tV +lSt 7435
t~~stl-coiiccton
oui~u’,

TW ieTSO 
_________

- 470 ~ V

C - ______

•05I0

*t hId *2 eUi be w stie~,I Mew,. oiii.t~i.. .recit..d.

L it. -q U. S-A . C-w i  u i t i s

A-i S

_ _ _ _ _ _ _ _ _ _



- —--— - —

IMOO SERIES A IVIPEX
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Amp ex Computer Products Cocpora’ui i’

t303t WvSt Jefferson Bouttsnord
Mar.no del Rey, Cots la,n-uu 9029i
A t.Ci-ii’,, y iA.’,.. ( ‘-‘w i-’,”

5-

- ‘ PEX Tailored to your needs
Complete Ampex 1800 Series

COR F \~ }~ ~ O R\  core memory systems are

~ \ -
~ F M~ USING designed to provide eusoctl y the

conf igu rations and capacities
I ts (i’ ~ ER! ES ou need for specualized OEM

sri- ms -~~t ott-the-she lf prices.
-
~ 

)DU! ~ 
- There rise slcindord config-

- sa li ons which accommodate -

- 

-

- 
- 

-

~Y 36 18-bit words, Word size
-~ comp letely tleiuible—9 . 12. -

8 bits or longer if you choose -

Ac ce s s turns - c ore 230. 250. or 340
,usni,secr,rids and cycle times
_ : r ~ 00 iY(uor MOnanosecorsds .
- ii  cr idir t o n  the model you
sele ct )De’s-r ileci perforinonco
rind spec-f -cat rin data on 1800
Se es costs memories is con-
5 u -~ ned in indiv d~cii Ampex
i cu ~~~ on the following Standard or special an operating ronge from 

Is RAP l8f~ . 1885 , arid interfaces 0°c to 55°C. For applications
ruu iswch .ed 1800M Series I There are no inter foce problems requiring a ruggedized memory.
Lower design COsts when building the 1800 Series the 1800M Series with on

- get (5 cIstoini~ ed memory into your system A stondard extended 0°C to 70°C tempera- 
- — tCady to plug in — for interface is included, and space sur e range and resistance to 
a little more than module is provided in the memory card shock , vibration and dutt con be

- ci’s You save even more cage for any special interface specifie d. All Ampex 1800 Series
ir’ ,~nr r , and time because your you may require, If you wish, we memories are comp letely unst orm
- iucs - kshl~ design manpower can cilso con supply special inter- m om module-to-module and

- v s - s ’  nose etfor to other foce cords designed to your Car’ be unterchange d within o
‘s n sa n~ of the system specification single system or between

Higher packing density diflerent systems .
Erich of the bassc 1800 Foit , reliable, and Opt4onal subsystems
Sen -es memory configurations is expondable You con select as many or as few
cone f ully designed to provide The 1800 system is more than subsystems as you need These
maximum compactness and a fast, modular , building block include I ISV or flOV blower
space saving You can build memory customized to your assemblies . oce an two I ISV or
a com plete Amire ’ rnsemor , specific requirements It also has 220V power supcul es , and an on-
system into y our own system troditionol Ampex reliability, full line tester w hs h con comp tete ls
w ustrO t sacs - f c co s~uccc temperature range per formonce . check-out ‘otol ssstem Operation
-equ- red for othes .mpon noss t and interchangeability Standard connectors ore suP-
5~ ~t~ m functions The MTBF is 10000 hours , with plied with all configurations

A-16 
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5K~
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1~~ - - -  - - e ~u~s- ’ q os- O n w ith i nterlace card .

_______ 
Dower supy ly co rs n ecsor iissensbl y. and blower

~,- - assembly
- 

Eig ht module configuration with Iwo power
____________ 

supplies, blower ossembly. I/O Connec tor , and
______________ - space for interface

_ _ _  ~1

- 
- ‘ hs morlule conligurorian wish I/O connector , i s’ . ii 

~~~~ 

,k --

usn d space for is-se , lace 
~~~~~~~~~~ ‘c:’,sw

~~~~~~~~~~~
, xu L~

_- An optional on-li ne rester capable of comp le tel y
checking ou t  totci l system operation is ava i~~ble
with mast 1800 Series modudt- cani-guurotians Four module conluguration with power supply,
Optional I ISV or 220V power supplies also cafl blower assembly, I/O connector , and space for
be selected . as well as optional 1 ISV or 2?OV interface
blower assemblies All configurations have 

i,s ’ ,., swo rstandard connectors 
- -

f t-.,,.,

/
/ ~~ 

i O u ,s’u,,i -

.__ ~ _._.,.—.______~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _u_I_i~~~~~ 
V /
‘ 

/
/  

~~~~

—J 
Mn.io,r /

— ii~~s. _ ,- . - - -

-
, 

~~~~~~~~

‘

Four module Configuration with power supply,
blower assembly, I/O connector , air inlet grill,
and space for interface,

L-si.q -~~U S A . C- iSO i i i ’S
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CD~~~AC
Installation and
Operating Instructions

Color Television Monitor
Model 5111

A- 18
IS IOS3IS.RS t 

—~~~~-——--  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A



-. —------ .-“ u-- .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,-, -,.--“ - . ____

THIS PA(71 IS B~~T QUALI TY P~~~~~ICA3I1
J~ UM 00ff FURNISHED TO DDC 

—

GENERAL DESCRIPTION

FEATURES h.,4 k i i  i i i  It side , sil lilsori ti~ll ls’ii,iili ii- i.-ssi- a I , .~~ it

t i i~~ h.uiuIIi-s SI11-4 au-t i1 i • u t t ’ , s , .t II , ,s i ’ toil Iii luutt’ u s c
t •iit t ii’ ls liii i i i s l l t  .151 , l~, s t l lsi l i  ‘s , .iui.l s ltr .usii.s

(‘5 IrII’it ’ Ills . xi ists;ilcte the i’” k.sgc .
t (  ~~~~~~~~ s .,rs.,hlx .i~ cr tut ~ so r t  s -s t i i~

~Negatice black m atr ix  shadow mask CRT APPLICATION

*SoIid .state cir cuitry The 5100 Series 19- and 25-inch television mon itors
are especially useful for group vi ess ing in auditor .

CAll setu p controls f rom accessible puJl.ouc drawer iums , classrooms, lectur e hAIls, industrial training

*Ad va nced mech anical des ign assures structura l ~ 
areas, hospital paging systems . pres j ew rooms, and

tegrity in all mounting confi gu ration s ocher audience viewing applicat ions. Ri gid mechanical
construction throughout assures structural integrity
and protects all components. This is of particular im-
portance for app lications where monitors must be

DESCRIPTIVE INFORMATION moved From location to location or hung from ccii-
The advanced desi gn oi the electronic circuitry in the ing. wall or floo r stand.
5100 Series is such that the CRT itse lf becomes the
limiting factor in performance. A keyed back porch All units comply with U.S. Department of Health .
clamp maintains true black lesel when operat ing with Education and ~~‘elfare X-Radiation Safety Rules,

either composite or non-composite video. New oper. 21 CFR. Subchapter J. applicable it time of manu-

ator conveniences include the addition of prese t con- facture.
trols on all versions for contrast , brightness. chroma
and phase. PRODUCT IDENTIFICATION
All secondary controls and ad justments are locate d it~ First character — Identifi es the Series (5)
a pull -ou t drawer below the picture tu be, This loca-
tion provides maximum operator convenience, pre- Second character — Identifies the significant update
vents unauthorized tampering and gives the monitor level (1)
a clean, eye-pleasing apperance. Third character — Identifies the option package (I
The chassis is arrayed in “U’- t onfiguration, permit- Standard Package)
ting physical separation of power supply deflection Fourth cha’racter — Identifies the color decoder stan-
from video arnplifier ’decoder circuit stages. Modular dard (O Not Used; i=RGfl: 2=NTSC; 3=PAL
circuit boards and power supplies are interconnected B: 4~~PAL M; 5 SF.CAM 50; 6=SECAM 60)
by a quick-disconnect wiring harness, thus sim plifying
maintenance procedures. Fifth character — Identifies mechanical configuration

External packag ing is compatible with the most up- (Cs-’ Cabinet; N Naked, or Chassis; RS~ ’Rack

to-date installations and employs front and back mount wit h slides; ‘V i’ oke. or Bail Mount)

~ra.~’tes. Aluminu m extrusions, running from front to Final characters — Identify the size of the CRT

A-19
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TECHNICAL SUMMARY

ELECTRICAL SPECIFICATIONS

Input Power Volta ge : LOOV :~ lUtZ., 50/60Hz
l20\ ’ ± 10%, 50/60Hz
220V :±: 10%. 50/60Hz
240V ~ 10%, 50/60Hz -

Power: 125 watts, nominal

Power
Connection: Captive 6-foot cord with three-prong connector plug

Input Signals Composite: Loop-through or switchable to internal 7S(~ termination.
i.0V peak-to-peak, nominal (0.35~’ to 2.OV)
Sync is negative

Non-
Composite : 0.7V peak-to-peak. nom inal (0.2W to I .4V). Black negative.

Video Input Return I.oss : Greater than 40dB

Video Response Monochrome signal applied ± 1dB to 5 MHz
Differ.nt ial Gain Less than 5% for luminance of OfL to 2OfL .

Aperture Correction A continuousl y adjustable front panel control provides up to 6dB boost at 3 2MHz.

Decoder Accuracy Decoder error less than 1.50 .

Lin.orlty and Geometry No point on raster deviates from its proper position by more than 2% of raster
height,

Convergence On the 19-inch models , does not deviate more than .040 or 1.02mm (05 1 or
1.30mm on 25 ” models) from picture height in a centrall y located area bounded by
a circle. The diameter of this ci rcle is equal to the picture height. Elsewhere , the
deviation does not exceed .080 or 2.04mm (.100 or 2.%4mm on 25-inch models).

Color Temperature The range of RGB r,ain adjustments is suffic ient to permit sett ing white color tern-
perature to 61(X)’K (factory settin g) or 9300-~K.

Color Temperature Color temp erature of white does rot change by more than one MPCD unit betw~en
Accuracy monochrome and color input signals.

Interlace Setter than 90%.

Raster Size Regulation Less than 19. change , 0% to 100% APL (Average Picture Level) at peak 2OfL
luminance.

Block Level Stability DC restorer maintains black level shift less than 1% of peak luminance from 10%
to 90% APL.

Discernible Shades of Gray 10 minimum.

Vertical Retrace Time l00014sec nominal,

Horizontal Retrace Time IO1tStC nominal.

Radiation All units comply wit h the U.S. Department of Health . Education and Welfare
X-Radiat ion Safety Rules , 21 CFR, Subchapte r J, applicable at time of manufacture.

Ambient Temperature
and Humidity 1O~ to SOt operating temperature; 10% to 90% relative humidity ; no condensation.

- 
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MECHANICAL CONFIGURATION

Construction The chissis, ~hich is constructed of heavy .gauge aluminum , is arrayed in “ U”
contmgutat iarn, permitting physical separation o power supply deflection from video

• .inspli6er,’decuder circuit stages. Modular circuit boards and power supplies are inte r-
con nected by quick-disconnect s~ iring harnesses, simplifying maintenance procedures.

Externa l packaging is compat ible with the most up-to-date installations. -;

Frames Aluminum extrusions, running from front to back at each side, form full-length
recessed carrying handles. Sheet metal covers, above and below the extrusions, corn-
plete the package. These are easily removable for maintenance purposes. Conversion
from cabinet to rack m ounting is accomplished by removing the sheet metal covers
and side extrusions and installing rack rails. The CRT is finished in black and all
exposed knobs and switches arc dull finish plated for minimum viewer distraction.

W i g ht MODEL NET WEIGHTS SHIPPING WEIGHTS
5l00C19 99 lbs. 112 lbs.

44.9 kilos 50.8 kilos
5100RS19 98 lbs. 111 lbs.

445 kilos 50.4 kilos
5100Y19 99 lbs. 112 lbs.

443 kilos 50.8 kilos

5100C25 146 lbs. 158 lbs.
662 kilos 71.7 kilos

5100Y25 146 lbs. 158 lbs.
66.2 kilos 71,7 kilos

I.,. ,
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1 General DataComm Industries, Inc.

j j l3~ DANBURY ROAD. W ILTON, CONNE CTICUT 06897. TELEPHONE i203 ~62.O7II

GDC 201-9(R) LSI
SYNCHRONOUS MODEM

FEATURES:
• LSi Technology
• 2000 or 2400 bps Operation

- • Remote Analoop! and Dataloop~ Addressable
Diagnostics for Point-to-Point and Multipoint

• Two-Wire or Four-Wire -/

Forward or Reverse / 

/
‘

• WECO 201A or 201B Compatible
• Local Analoop~ and Loopback Self-Test

APPLICATION
The Genera l DataComm 201-9(R) is a synchronous 2000 or 2400 bps modem designed to operate over
un condit ion ed 2- or 4-wire type 3002 private lines or over the ODD switched network via the Manual Data
Coupler CDT (lCC~A). The GDC 201-9(R) is fully compatible with WECO 201A (2000 bps) or 201B (2400 bps)
data sets. Standard features include automatic fast sync, clear to send delay, carrier detect, external!-
snternal transmitter timing and MARK hold on receive data when carrier is lost.
Available to’ rack mounting (201-9R) at the CPU site or as a stand alone, single channel subset (201-9)
for remote locations, the General DataComm 201-9 (R) LSI modem incorporates unique diagnostic functions 4
which permit local verification of modem and system operation without the need for special tools or test 4
equipment.
The unit is also available equipped with a diagnostic control card which permits the use of remote
addressable diagnostics on a multipoint system. Simple front panel diagnostic switch controls and
lighted indicators on both configurations provide complete performance assurance at your installation.

COC 201-9(R) UNIQUE DIAGNOSTICS
I ~ 

- Unsurpassed local and remote diagnostics inherent In the
I 

XMl’ - - - GDC 201-9(R) provide for rapid trouble shooting within the —

I ~ ._____ .__4~~~~~~1~ entire communications system. The remote Dataloop6~ diag-
I OATALOOP~ nostic feature of the 201.9(R) provides remote loopback of
I - the modem on the digital side in either point-to-point , —

I ~ ~~-- XMT or multipoint systems. The unique Analoop~ diagnostic
I , REC ~~~~~~~~~~ ,~~~ command will loop the local or remote modem back on itself
I ANALOOP~ 

on the analog side, as well as the private line’s receive side
I ~ to the transmit side.
I ~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—-————‘~~~~~~~ In multipoint applications an Address Generator is orovided
I - REC .4 which generates a unique address associated with each
I ~ LOO SACK remote modem. Therefore, by use of the AnaIoop~! and
I ~ I Dataloop~ diagnostics, each individual remote location canI TEST MODE S be analyzed With respect to terminal, modem, or private line

_______________________________ failure. This concept of Addressable Diagnostics allows a

A-22
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GOC 201-9(R) LSl SYNCHRONOUS MODEM

user to isolate faults in a matter of minutes. Receive Clock: 2000 or 2400 Hz square wave
In addition to the remote Addressable Diagnostic synchronized with incoming
features, there are others which aid in diagnosing data. Receive d3ta transition
system proolems. These include a Test Gener- coincides with positive edges
ator~ Recognizer and an Alternate Voice facility, of clock.
The Alternate Voice facility includes Ring Signal Fast Sync: Provides for externally mm-
transmission circuit ry, Ring Signal indicator, and posing Fast Sync where time
interface for the GDC aux.Iiary telephone set. between messages is less than
The auxiliary telephone set provides alternate 10 ms.
voice capability and also monitoring capability Equalizer: Statistical equalizer provides
without interfering with data transmission, equalization of most common-

ly encountered telephone line
SPECIFICATIONS amplitude and delay charac-
Operating Modes: Simplex or half-duplex on two- teristics.

wire lines and half or full- EIA RS-232B/ C
duplex on four-wire lines; Compatible: Input:
strap selectable between two- SPACE (or ON) +3 to +25 V
wire and four-wire operation. MARK (or OFF) —3 to —25V

Modulation: Differential phase shift keyed Output:
1800 Hz carrier , four phase. SPACE (or ON) +11 to ±1 V
Transmit signal includes full MARK (or OFF) —10 ±1 V
bandwidth required for W ECO P~~er Supply
201 rl,mpatibility. Requirements: AC Power: 115 V, 60 Hz

Operating Speeds: 2000 or 2400 bits per second, 15 Watts
serial, synchronous on DOD Operating Temp: 0 to 70°C
or unconditioned 3002 lines. Storage Temp: —20°C to 85°C

Carrier Detect Rd. Humidity: 5% to 95%
Response: Operate Time 10 ±1 ms

Release Time 8 ±1 ms -

Transmit Level: +2 to —10 dbm, adjustable via ORDERING INFORMATION
calibrated potentiometer Specify:

Receive Level: Nominal —10 to —40 dbm, Configuration
adjustable via calibrated po- List 1 20C0 bps Operation
tentiometer. Dynamic range List 2 2400 bps Operation
±15 db around nominal. Options

Transmit Clock: (strap selectable) List 3 Remote Diagnostics
Internal: List 4 Single Channel Address Geierator/Tele-

2000 or 2400 Hz ±0.01% phone
square wave List 5 Rack Mount Address Generator/Id e-

External: phone for up to 12 modems
2000 or 2400 Hz ±0.01% List 6 Remote Telephone for Alternate Voice
square wave List 7 Reverse Channel (75/ 110 baud)
50 25% duty cycle List 8 Secondary Channel

For gdd~tioflM nforn’at,00 . contact:
Market’flg Oepaftment
General OataCon~m Industries, lflC.

131 Danbury Road
Wi ltOfl, Connecticut 06897
TeIepl~ofle (203 ) 762~07 11
TWX: Wilton 110.479-3210 printed in U.S.A.
TWX : MOntreII 610.421.3221 ‘~ General oataComm Industries. Inc. 1973 SOPLSM

Teles: Brussels 846-29501 ~ Registered Tradem aril General OataComm Industf ’SL Inc .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  j
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IN~OTON • SECOND AVENUE. BURL INGT~ N. NA$5AC~ -J5ETT$ 01903 ’ AREA CODE 817 2734110
DIVISION OF OPTICAL SCANNING CORPOAATSON

~~IS PAG~E IS BEST QUALITY ?R~kCflCA.BLE

7~CM OOPY ~URNIsH~~ 1’O D1DC

1. SPECIFICATION S

The iNFOTON V ISTAR GT is a stand-alor’.~ alphanurmieric disp$~y terminal for use in
data entry and retrieva l Systems where a highly flexible interaction between man and
mna~hine is desired. The VISTAR !GT incorporates such important standard featu ies as
conversat ional mode , dnd an lnlutone v.hic’l operates on the bell code. Complete
specifications are listed iii INFOTON Document No. 02421.

1.1 BASIC SYSTEM
Power Domestic: 100 watts , 105-130 volts: 60 Hz

Export: 100 watts ; 105-130. 210.260 volts; 50 Hz
Temperature Operating: 0 to 5O~C

Storage: —30° to 70°C
Humidity 0% to 95% non-condensing
Dimensions 13 inches high. 19 5/8 inches wide. 23 3/4 inches deep
Weight 35 pounds
Screen Size 12 inch diagonal
Display Size 8 1/2 inches wide. 6 inches high
Characters/Line 80
Lines 24
Line Spacing 0.45 character height
Character Format 5 x 7 dot matrix
CharacterSpacing 0.4 character width
Character Size 0.08 x 0. 19 inch nominal
Character Repertoire 64 ASCII
Refresh Rate Domestic: 60 times a second

Export: 50/60 times a second
Cursor Non~destructive blinking underscore
Transmit Data Character by character as entered by the keyboard,

1.2 STANDARD INTERFACE
The Asynchronous Serial Interface is a multi-purpose serial data interface which provides
maximum flexibility in operator switch selectable data rate~, and operation modes that can

— I be applied to allow operation under a wide variety of serial data input and output situations.
A panel at the rear of the display contains switches and connectors that allow the operator
to match both the standard EIA RS232C voltage interface and the Teletype’ compatible
20~60 mA current loop interface for serial communications and computer interfaces.

Registered Trade Mark of Telerype Corporation
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INFOTON • SECOND AVENUE. BURLINGTON. MASSACPIUSETTS 01903. AREA COOt 017 273-1110
DIVISION OF OPTICAL SCANNING CORPORATION

The operator selectable functions include the following:

1. Eleven Receive data rates — 75, 110, 150, 300,600. 1200. 1800. 2400, 4800.
7200, and 9600 bits per second

2. An external TTL clock input
3. Full or Half Duplex
4. Ten or eleven bit code selection (one or two stop bits)

• 5. Odd, Even, or Mark Parity
6. 20 or 60 mA Teletype compatible current loop interface
7. EIA RS232C interface - interfaces to Bell system Type 103A, 103F , 202C, 202D

modems or equivalents

I

.4

a

S

•1

‘ed Tr~~ Mak of TeI typ Corporation 
-
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APPE NDIX B

READ~ ONLY ~MEMORY
- 

TRUTH TABLE S

B-i •

~~~iiras__ — _
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DCI) Card , D20 Harris  H PROM l-82 56-5B (32 x 8)

1’A ~\~ L A ( Y )  CP CPA3 C1~A2 Cl A l  Cl ’At )

,\ ~~id i’s’ ~. 
RS  R4 R3 1t2 I-t I it t)

(I ( ~‘2 II I-I II  Il II 0

I II l•( It II I

2 H H II H 2
3 H H H H 3
4 ~36~ 

H H H 4
H H H 5

6 H F! H H H
7 H H H H 7
8 (40) H H H H 8
9 H H H H H 9

10 H H H H 10

I i  H H H H 11

12 (44) H H H H H H 12
X 13

14 X 14

X 15

16 (48) H 16
17 H 17

18 X 18
1’) I I  H 19
20 (52 )  H H 20
21 X 2 1
22 U H 22
23 H 14 23
24 (56 )  X - 24
2~ H H H
26 H H H 2€
27 X 27
28 (60) X 28

X 29
30 X 30

~ 31 ( 63) x 31
H High Logic One Prog rammed
Blank Low Logic Ze ro Not Programmed

B-Z

‘S



- ~ -~~~~ -‘--— ---—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ - — -  - ~~~• 

DCIJ Card , C16 Harris  H PROM 1-8256-5B (32 r 8)

PA(Y) LACY ) CP CPA3 CPAZ C1-’A I CPAO
Address B7 B6 B5 B4 B3 BZ Bi BO
0 X 0

I X I .
2 H H 11 2
3 H H 3~
4 H H 4

5 H H H 5
6 H H 6
7 - H H 7
8 H H I-I H 8
9 H H H 9

10 H H H 10
11 H H H 11
12 H H 12
13 H H 13
14 H H H H 14
15 H H H 15
16 - H H H 16
17 H H H H 17
18 H H H 18
19 H H H 19

20 H H H H H 20
21 H H H H 21
22 H H H H 22

23 H H H 23

24 H H 24
25 H H 25
26 H H H H
27 H H 1-1 27
28 H H H 28
29 H H H H 2~
30 H H H 30
31 H H H 31
H Hig h ~ Logic One E Programmed
Blank ~ Low ~ Logic Zero E Not Programmed —

B-3 
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SDF Card , B 15 Signetic s 825 123 (32 x 8)

Sync.
01111 WL8P WL 1P S1BG 4BG Code

Address B7 B6 35 84 B3 B2 81 BO

LSB/ H H

H H
83  H H

~
( 4 H H

Fra~~~~
L 7 - H H

( 8 H - H

PT 3$~ 10 H
L ii H
( 12 H H
1 13 H

14 -

L 15 H H H

( 16 H
P T 5~ 

I 
- H

L. 19 H
( 20 H H

22 H
L 23 H H

~ 24 H H

PT7~ 26 H
L 27 -

• H . H

, 28 H H
I 29 H.

PT 8~ 30 H H
L 31 H H H

H • High Logic One E Programmed
Blank ~~ Low R Logic Zero ~ Not Pr ogrammed

Marke d “kCl” for KMR
Signetics 825123 - 

-

815 on SDF
D30, 320 on DRU

8-4
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TaISPAGZ IS B~~T QUALITY FRLCTZcABIj
~~~~~~~M co~~~ FUE:N~ISHi~~ TO DDC ~~~~~

PROM Psttsrn for D9 and D10 on MIU C&rd s. H PROM 1-10Z4-5B

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
. 

.~ - .. 

-

; 

- 
-———--

~~~~~~~ ~~~~~~~~~ FtJR2~~ISH~~~D TO DDC , .—

I j I~Ji_ j~_;I1 L L . U ~J1l~. . : ,ij I1~~,_ •
t1~~I 0 .I~3UU ~3 U0U€L 0 110 1Oi~iU.U1~ .IL1 !LIL’,.I.. LI:nli

1. ci~~ iU 1 _ ci rsU7 :~~~-~~-~ j~~ - - - -
~~ _ ~~i,.i j - .’

‘ ici~~j ijç ~ 01l &.j o. 1110 1 J 0 u .  t I O O  ~- M  1~Ti~~i

‘~~ wii’01 1 8 , 0 0 I L ,—’ ~:4.~ 1~- i 1 - :  :~~‘: .i , : - ,

&~~~I~ 1J. ~00€1 Ii000. l i l C i  1~:i00 l !:i 1 l:~ : . ~~~~:~
- . , ;J ’ 1~. 1~ .)

1~~~. U U I 17 ~~~ 1I-~ :~ 4
i3~~ Cl~1l .1~j A0  ~~~3 O . 1 1 1 C l  1 U 0 U , 0 ~~~~ i1 Li~~ i-’.~ 1 , L:~~ iI

-: t. . 0 U 1 4
• i I.P.1 .Ulli O 0000 .0001  i000 0~~1u 1o~j 1~ io~:1o

Decimal -. 1 . 0008  .~, ç , k , uI .: 1-I  Oij . . 1
Output u ’i 1 ’U .0100  ~ U00.00U1 1 U U ~~ i01’r1 0.1 L000

0002 a-~~.uU ~i9 :3u ~.!. 5
Decimal ; : - ~~0~ 0 100 0000.  100 1 1030. 10 10 ~: ~~~
Add reee~~~~~~~~~-7 ~i~~~i:3 23 .  0c 109 39. 00 15 5~~ 0 0 2 i

0000 . 1001  10 0 0 . 10 1 0  13100 1000

3 2 1 0 
- ow, 4 iii~U~ 4LJ 0ii 1~ S

P
~,

t
i c ;~4 ~ 00~~~ -~100 0000 . 100 1  1000 .0110  0 100 ,0 100

O.~Low=Program ~~~~~~ .~5. 00 10 4 1 . O l i i t-
J k j H O  ~ffl 1u l ij u O  u000 10~ 0 0 4 l u  ~~~ U 1C~

03020100 - I H~~ iIfti 4 �~~~~
. . ~JU1~i 4 2 . U l i l t .  -‘ ..~~~~~ . j~~

-
~~~~~

Output s of ~~~~~~~~~~ 1000 .0000 1000 .0110  ~~~~~~~~~~~~~~~ 100

D9 PROM -~ 
- ~-ffli4 4 2 7 . w ~1 1 ~L-: . w:i1 7 ~~ ~-i~~~~ -’ . --:

V=Low Prog ram 
~~~~~ u~ iü  ioø~ i’iuo li ii i o u

0~- iU 5 ~8. O u l  1 - 14 . 0017 .0.  ~uj ~~ -:
1~i~ !i~ i , 10 10 b OO .  1000 1000. I i  10 ~00.  J I O L .1

1 . : . U i .ii 3 5 29. C~(:I1i 4 S . I30! :.~ ~~~~~ 0 - - i  —

- ~:i I~I~1 
~~~~~~ : L0 0 0 .1o & : iO  l U ij O . O u o l  ~

-. j~~~u i . 0H i ~~-i

14 . 1 .10 0 5  ~U. FlI1 1$ ‘4 t  .ij~jJ::; :~~ I1LL~4
L 1 l I I 1 ~~~1 . 1~~~~t 1 ~~~ 1 i 0 ~~i31i-~li 10u0 C1013 1 ~~~~~~~ Iulil~,

15. l .i c Iu r b  :~,1, u lJj .~ 4 7 . U O 1 : J  r

o 0 0 0 . U 1 1 0  1 0 0 0 . o i O U  1000 .0001 O l O u l . b o I O

8-5
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~~~~~~~ ~‘W~E I ~ B
~2~o~w CQ?y ,~~~~~~~~~~~ T~~ RACTICARLZ

I • - I~~~,~~1 .t __ ~ _~ ::~j . ti.~._.) ,
~~s , ., L :

_ 
1 1

t -~~U0 ~~j u 1U i100. iUuU 1tl~Q .1i10 ~i01. _I ,0cj 10

r~5 .t3~~ 5 ~ i . o o~~ ’ ~-~?. 0038 113 . 0 04 4
u i O O . 1 U 1 @  1100 .0100 1100.0001 U O 1 E I . 0 U 1 0

6t. . 0026 ~2. 0032 9~: . 0038 1 1~ . 0~345
U l 0 0 . ’3 110 1100.0100 1 100 0001 Lu310. l~3 1::.i

~7 . 0 0 2 6  83 .0032 99.00-3 9
0 100 .0110 1100.0100 1100. 1001 0010 . 1010

~~~~~~ 002? 84.0033 100. 0039 11’~.. U 04~’
0100 . 1110 1100.1180 1100. 100 1 0010. 10 10

~ 9 .002?  85.00:3 3 101.0039 i i ? .  0046
~ i0 U. i11U 1100. 1100 1100.100 1 00 10 .0 110

- -- 7  86.0034 102 .0040 -~

0100 .  1110 1100. @010 13010.0000 00 10.  0 110

71.  0028 :37~ 0034 10 :3 .0040 119.  004~.
~i Ø ~~~~~ 1 1100.0010 0010 .0000  o010~~O 1 10

72. u028 88. 0034 104.004 1  1 .~0. U~i47
0 1 00 .0 00 1  1100.0010 0010.1000 00 10 .1110

73 .0029  39 .0u35  105 .0041  1 :1.0047
iilUO. 1001 1100.10 10 0010. 1000 00 10. 1110

14.0c 129  90.00:3 5 106.0041 12~~,u o 4 8
0100. 1001 1100 .  1010 0010.. 1000 001~?l . 0 1-301

75.00 29 91.0 113t ,  10 7 . 0 04 7
t J i Ui3 , 1 0 0 1  1 10 0 . 0 1 1 0  001 13 .U10I-1 010 000 1

~‘6. 0&i -~ O ~:.003t. ~08. 0 1347 ~. ~.4 .  t R ~~4
1 10 0 . 00 0 0  1 10 0 .0 1 1 0  0 0 10 .0 10 0  00 10.0001

~ 7. 00-3 0 93. 0u35 109. 0043 1:5 -
I I O U. 0000 1100 .0110 o U l O .  1100 I:ftl lLl. i I 1~:11 . 

-

00.3 0 94. 00:37 110.13043 1~~t .  004)
l 100.0 000 1100 .1110 0010. 1100 13 1310. 101.11

79 . 1,0:3 1 ~5. ~~j : : 7  i l l .  ~~ j 4:3 177.  ~I 1 I ~ s I t
1108.1000 1100 .1110 @0 10.1100 1010.0000
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~~IS PAD! IS B~~T QUAIiIT! P ACTIC~A~~~
ThOM ~~~)?Y t1JR2tiSH~D TO DD,C .—

~ 44 • LIIJ’it, ~_..i . ;.1I_ii:.:’ I t. ‘~3t - 9
i o . ~ i0~~ 1 l o l O . 0 1 1 0  o i 1 0 . U 1 0 ~ 111 0 . 1001

119.0050 145.005? 1t.1.0’36.3 17 .0069
1010.0000 1010.1110 0110.1100 01 10. 1081

1:30. 0051 146 .0 135? 162~~0U G:3 ? .::- , O u , O
1010. 1000 1010. 1110 0110. 11013 1110.0000

131.0051 147 .005? 163.0064 179.0070
1010.1008 1010.1110 0 110.00 10 1110.0000

1.32.0052 148.0058 - l t .4 .  0064 1: 0 .0070
1010.0100 1010.0801 0110.00 10 1110.0000

133.0052 149.0058 165.00t ~4 18 1 .0071
10 10 .0100  1010.0001 0 110 .0010 1118 .1000

1 - ~4 .u052 150.0059 166.  OOt- 5 18~~. 0071
I ~i 10. € 1100 1010. 1081 ~3 110. 1010 ~ 1 ~ LI. 100 13

1:35.0053 15 1.0059 167 .006 5
lulU. 1100 1010. 1001 0110. 1010 110. 1 1300

1.36. € 11353 152.8059 168. 0U~.6 184. 0072.
11310 . 1100 1010. 1001 0110.  0110 1110 .  € 1100

1:37. € 1054  153. 0060 169 . OU G h  1 :~~~~. o072
to io. 0010 0- 1113 .  0000 0110. 0110 1110 0100

1:38. 0054 154. 00~ 0 170.0066 ~~~~ u0 - -3
1010.00 10 0 110 .0000 01 10.0 110 : 1 11 0 . 11 131 3

i 39.  01354 155 . uU~. 1 171 . oo€ ;-~ 1 ~:7. ~10 10 . 0010 0110 .  1080 0110. 11 LU 1110.  1100

i 40 .  0055 15b.  uo~;,1 ‘
~~~~ . Huh? ~~~~~ 007 .::

1 ~i 10. 1010 0110. 1000 0110. 1110 11 0. 1100

1 -4-1.01 155 .157.00’ :. l i - ’ .3. 13~-1~ ,::: 1 :  ~~~1u74
- 

- - 10 1 0,  1010 0110. 1000 0110.0001 1110 .00 10

~~~ 01155 153. Out . : 174 .  U1.lt.C •4~~j I l L I - ’~~
10 10.  1010 0 1 11 3 . 11100 0 1 1 0 . O A c i l I I .  111 ii0~~i3

143 . 1305’-. 159 . o062 1 75. 0068 .1 ~ 1 - 0 0 75
j~i 1U.011O o l l O . 0 1 0 0  0 110 .0 001  1 1 1 0. 10 1 0
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~~IS ?AG~ IS BEST QUALITY P L C~~C~A~~~

~~OM ()~~~ ~~~~~~~~ TO DDQ ~~~~~~~~~~

~~.
- 

& i~~~~~ . :~l~~.u 1l~~1 : ,_4 .ui , , :
11. 1 . 10 10 0001. 1000 13001. 1 1 : 0  !0U ~ -- 4 40 1 0

~~~~ 0075 209.0082 2~~5. 0U~~3 ~4 1 0U~~4
111 0.10 10  0 0 0 1 .0 10 0  000 1.000!  10U~~~0010

i~~4. 01376 210.  0082 226. u13:.:~ -

1 1 1 0 . 8 1 10  000 1 . 0 1 00  0001.0001 1 i ~~i0~~I

195. OU7t. 211. 0U~~2 427 . 13089 ,~4 :;. , 0u95
1110.0110 @00 1.0100 0001 .1001 100 1. 101 13

196. 00?? 212. 008:3 228. 0L1:::~ ~~4 4 .  ~iI-1~~-’5

1110. 11 10 0001. 1100 01301. 1:~ 1 -  ~~~~1lJ 1

~~~~ U € 1~~ 2 1-3 .013 :33 :29. d c :  - : q - . ij i j9t.,
1110. 1110 0001. 1100 0001 • 1001 imfl .1311 0

2 14 .U0 b4  23~~~cJ~~~13 4t . . -- iO9~
,

10 .1 11 0 000 1.00 10 1001.0000 100 1.0 1113

j :~9 .  UU ~~8 2 1 5 . 008 4  - ~ :3~ .0090 :4?. 00~~t
11 10 . 0 0 0 1  0081.0018 1001.0008 1 0 0 1 . 0 1 10

2013 .0078 216 .  0084 232 .  0091 4~ 0139?
1110.0001 0001.0010 10 0 1 . 10 0 0  1 0 0 1. 1 1 10

:0! . 0’379 2 17 .  0085 23:?.. 01391 :4 9 . 1 3 0 97
1 110.1001 0001 .1010 1001.1000 100 1 .11 10

2 1 3 2 . 1 3 0 79  13.01385 234 0091 250. 13u9~:
.1 10. 1001 1300 1 .  1010 1001. 1000 1001 0 130 1

2 03 .007 9 ::~19.uO86 235.00 92 :5 1 . Ll .~93
1110. 1001 000 1.01 10 1001. 0100 1~301 00131

. 04 . 0030 220 .  0086 :~~ : t:. . 13092 2:52. 0L1:4~ -:
130~11.0000 0001.0110 1001.0100 I~~0 1.€11J~1

: U 5 . 0l  .:-;:ij :21 .~j iU::6 ..- ~~
- - . 0 O~~3

@001.0000 0001.0110 1001. 110(1 i0U~ .

20~ .. 131130 2~~~~~~~. UU ~~-:~~~
’ 

~~~~~~~~ 00 -1 3 :54. I l 1 1 l )

0001 .0000 11€1131 .111 0 1001. 1100 !UIfl. . lUol

2 .3 .Ou$7  239.O1- i~~~ 255. 0 11111
000 1. 1000  0 0 0 1. 1 1 1 0  1 00 1. 1 100  0 1131.01100
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TiltS PAGE IS BEST QUMiIT! PR~~TIC&N~
ThOM COPY PUR2USH~~ TO DRO ~~._.._..—

Coordinate Converter Altitude Error  Cor r c t t i o n  ~C.L rd ~ )

F~~
)

Inpu t Addre ss 
- D C 1) A Q R S •1

0-27 0- 0 0 0 0 0 0 0

Z~ -38 0 0 () 0 0 1) (1 1

3 0_ 4 7 0 0 1) 0 0 (4 1 0

4 8_ 5~ 0 0 C) 0 0 0 1 1
- 0 C) 0 0 0 1 0 0

63-68 0 0 0 0 0 1 0 1

68-74 0 0 0 0 0 1 1 0

75-79 0 0 0 0 0 1 1 1

80 0 0 0 0 1 0 0 0

~fl 
- 

0 () 0 (1 1 0 0 0

HZ 0 0 0 0 1 0 0 0

83 0 0 0 0 1 0 0 0

84 0 0 0 0 1 0 0 1

85 0 0 0 0 1 0 0 1

86 0 0 0 0 1 0 0 1

87 0 0 0 0 1 0 0 1

88 (1 0 0 0 1 0 0 1

8.  0 0 0 0 1 0 1 0

90 0 0 0 0 1 0 1 0

‘II 0 0 0 0 1 0 1 0

0 0 0 0 1 0 1 0
93 0 0 0 0 1 0 1 1
94 0 0 0 0 1 0 1 1

95 0 0 0 0 1 0 1 1
96 0 0 0 0 1 0 1 1

97 0 0 C’ 0 1 0 1 1
‘-4$ 0 0 0 0 1 1 0 0
99 0 0 0 0 1 1 0 0

100 0 0 0 0 1 1 0 0
101 0 0 0 0 l I 0 1
102 0 0 0 0 1 1 0 1
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Coordinate Converte r Altitude Error Correction (Card 2 ) ~Cont )

F30 
_ _ _ _

Input Address D C B A Q R S T

103 0 0 0 0 1 1 0 1

104 0 0 0 0 1 1 0 1

105 0 0 0 0 1 1 1 0

106 - 0 0~ 0 0 1 1 1 0

107 0 0 0 0 1 1 1 0

108 0 0 0 0 1 1 1 1

109 - 0 0 (1 0 1 1 1 1
— 110 0 0 0 0 1 1 1 1

111 0 0 0 0 1 1 1 1

112 0 0 0 1 C) 0 0 0

113 0 0 0 1 0 0 0 0

114 0 0 0 1 0 0 0 0
-
~ 115 0 0 0 1 0 0 0 0

116 0 0 0 1 (4 0 0 1

117 0 0 0 1 0 0 0 1
118 0 0 0 1 0 0 0 1

119 0 0 0 1 0 0 1 0

120 0 0 0 1 0 0 1 0

121 0 0 0 1 0 0 1 0
122 0 0 0 1 0 0 1 1

123 0 0 0 1 0 0 1 1

124 0 0 0 1 0 0 1 1
125 0 0 0 1 0 1 C) 0

126 0 0 0 1 0 1 0 0
127 0 0 0 1 0 1 0 0 . -

1243 0 0 0 1 0 1 0 1
129 0 0 0 1 0 1 C) 1
130 0 C) 0 1 0 1 0 1

131 0 0 0 1 0 1 0 1
132 0 0 0 1 (1 1 1 0
133 0 0 0 1 0 1 1 0 

—
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(
~,,,)r(Iin4 Ic’ c ;i)nverter A 1~ ) tnck Error Correc t ion (C ~ rd 2) (( ont )

F30 F2(~~ I SI%

Input Address D C 13 A Q L~ S 1
134 0 0 0 1 0 1 1 0

135 - 0 0 0 1 0 1 1 1

136 0 0 0 1 C) 1 1 1

137 0 0 0 1 1 0 0 0

138 0 0 0 1 1 0 0 0

139 - 0 0 0 1 1 0 0 0

140 0 0 0 1 1 0 0 1

141 0 0 0 1 1 0 0 1

142 0 0 0 1 1 0 1 0

143 0 0 0 1 1 0 1 0

144 0 0 0 1 1 0 1 0

145 0 0 0 1 1 0 1 1

146 0 0 0 1 1 0 1 1
147 0 0 0 1- 1 0 2 1
148 0 0 0 1 1 1 0 0

149 0 0 0 1 1 1 0 0
150 0 0 0 1 1 1 0 1

151 0 0 0 1 1 1 0 1
152 0 0 0 1 1 1 0 1
153 0 0 0 1 1 1 1 0

154 0 0 0 1 1 1 1 0

155 0 0 0 1 1 1 1 0

156 0 0 0 1 1 1 1 1

157 0 0 0 1 0 0 0 0
158 0 0 1 0 0 0 0 0

159 0 0 1 0 0 0 0 0
160 0 0 1 0 0 0 0 0

161 0 0 1 0 0 0 0 1
162 0 0 1 0 0 0 0 1
163 0 0 1 C) 0 C) 1 0

H B-li
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Coordinate Converter Altitude Error Correction (Card 2) (Cont )

F30 F26 LSB

Input Address D C B A Q R S T

164 0 0 1 0 0 0 1 0

165 0 0 1 0 0 0 1 0

166 ~0 0 1 0 0 0 1 1

167 0 0 1 0 0 0 1 1

168 - 0 0 1 0 0 1 0 0

169 - 0 0 1 0 0 1 0 0

170 0 0 1 0 0 1 0 1

171 0 0 1 0 0 1 0 1
172 0 0 1 0 0 1 0 1
173 0 0 1 0 0 1 1 0

174 0 0 1 0 0 1 1 0
175 0 0 1 0 0 1 1 1

176 0 0 1 0 0 1 1 1

- 

- 177 0 0 1 0 1 0 0 0
178 - o  o 1 0 1 0 0 0

179 0 0 1 0 1 0 0 1
180 

- 

0 0 1 0 1 0 0 1

181 0 0 1 0 1 0 1 0
182 0 0 1 0 1 0 1 0

183 0 0 1 0 1 0 1 0
184 0 0 1 0 1 0 1 1

185 0 0 1 0 1 0 1 1

186 0 0 1 0 1 1 0 0

187 0 0 1 0 1 1 0 0

188 0 0 2 0 1 1 0 1

189 0 0 1 0 1 1 0 1

190 0 0 1 0 1 1 1 0
191 0 C) 1 0 1 1 1 0
192 0 0 1 0 1 1 1 1
193 0 0 1 0 1 1 1 1
194 0 0 1 1 0 0 0 0

B-12
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Coordinate Converte r Altitude Error Correction (Card 2)  (Cont)

F30 F26 LSB

Input Address D C B A Q R S T

1 .5  0 0 1 1 C) 0 0 0

196 0 0 1 1 0 (4 1

197 0 0 1 1 0 G (, 1

198 0 0 1 1 0 1) 1 0

199 0 0 1 1 0 0 1 0

200 0 0 1 1 (1 0 1 1

201 
- 

0 0 1 1 0 0 1 1

20 2 0 0 1 1 0 1 0 0

2 03 0 0 1 1 0 1 0 0

204 0 0 1 1 0 1 0 1

205 0 0 1 1 0 1 0 1

206 0 0 1 1 0 1 1 0

207 0 0 1 1 0 1 1 0

208 0 0 I 1 0 1 1 1

209 0 0 1 1 0 1 1 1
210 0 0 1 1 1 0 0 0

2 1 1  0 0 1 1 1 0 0 0

2 12 0 0 1 1 1 0 0 1

213 0 0 1 1 1 0 1 0

214 0 0 1 1 1 0 1 0

2 15 0 0 1 1 1 0 1 1

216 0 0 1 1 1 0 I 1

217 0 0 1 1 1 1 (4 ( 4

218 0 0 1 1 1 1 0 0

219 0 0 1 1 1 1 0 1
22(1 0 0 1 1 1 1 0 1
221 0 0 1 1 1 1 1 (4
222 0 0 1 1 1 1 1 1
223 0 0 1 1 1 1 1 1
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Coordinate Converter Aibtude Error Correction (Card ) (Cont)

F26 IJSB
F30

tnput Address D C B A  Q R S  T

224 0 1 0 0 0 0 0 0

225 0 1 0 0 0 0 0 1

226 0 1  0 0  0 0  0 1

227 0 1 0 0 0 0 1 0

228 0 1 0 0 0 0 1 0

229 0 1 0 0 0 0 1 1
230 0 1 0 0 0 0 1 1
231~ 0 1 0 0 0 1 0 0

232 0 1 0 0 0 1 0 0

233 0 1 0 0 0 1 0 1

234 0 1 0 0 0 1 0 1

235 0 1 0 0 0 1 1 0
236 0 1 0 0 0 1 1 0

237 0 1 0 0 0 1 1 1
238 0 1 0 0 1 0 0 0

239 0 1 0 0 1 0 0 1

240 0 1 0 0 1 0 0 1

24 1 0 1 0 0 1 0 1 0
242 0 1 0 0 1 0 1 0
243 0 1 0 0 1 0 1 1

~44 0 1 0 0 1 1 0 0

~45 0 1 0 0  1 1 0 0

246 0 1 0 0 1 1 0 1
247 0 1 0 0 1 1 1 0

248 0 1 0 0 1 1 1 0

249 0 1 0 0 1 1 1 1
250 0 1 0 1 0 0 0 0
251 0 1 0 1 0 0 0 0

314
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Coordinate Converter Altitude Error Correction (Card .~) (C~ nl)

F30 __ !~ ±_ h4
~~

Input Address D C B A Q R S T

Z5Z 0 1 0 1 0 0 0 1

Z53 0 1 0 1 0 0 1 0

0 1 0 1 0 .0 1 0

255 0 1 0 1 0 0 1 1

I
~~
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APPENDIX C

MEMORANDA

“Scan Converter Drawing l4at”, (A. J. Jagodnik memo #AJJ-26)
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Class if ication Unclassified

~O lV lS lO N  EQUIPMENT Contract No.

O p e r a t i o n  EDLr - Way land
Depa r tment  Advanced Development Laboratory Distribu tion Listed

To S. H. Turner , Jr. - Fit. Pie.

Fees A. J. Jagodnlk , Jr. ~~mo No. AJJ-26

Subject Scan Converter Drawing List Dote 4 June 1975

The fact that two slightly different scan converter refresh memory
systems have been built and that both have been extensively modified in
different ways has ted to some confusion in the area of the applicabi lity of
drawings. The Table contained herein is intended to resolve the confus ion.
It contains all drawings related to the scan converters , ordered by Raytheon
draw ing num ber, and indicates the equipment to which each is applicable.
Also included is Information describing the size, type and form of each
drawing and whether or not it references other drawings.

~ILu
A. J(~j fd~

nik • -

Adva c Electronic Techniques

—. 
Wayland , Box M9, Ext. 2736

/bp

cc: G. Dennis
K.M. Glover (3)
D. L. Keefe
J. C. Murray
L. R. Novick
J. C. Westphal
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